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Voi. XIV, p. 165, par. 4, line 1, par. 5, line 1, and i3. 166, seventh line from bottom of page. 
For “ phosphates” read “phosphatids.” 
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1. INTRODUCTION. DESCRIPTION OF THE REGION 
The data presented in this paper were mostly collected by the authors in 
August, 1921, during the course of a traverse of the South Downs from War 
Down, just east of Butser Hill in Hampshire, to Beachy Head in Sussex, where 
the chalk range is cut off by the sea — a total distance, in a straight line, of 
56 miles, or about 90 km. The actual course of the chalk range is somewhat 
longer, about 62 miles or 100 km., since it is by no means straight throughout 
its length. Not every mile of this distance was traversed— the most consider- 
able gaps left being between War Down and Cocking (a distance of 10 miles), 
between the Devil’s Dyke and Ditchling Beacon (6 miles) and between 
Alfriston and Beachy Head (8 miles). The line of the north escarpment of the 
Lower Chalk facing the Weald was mostly followed, and about 20 of the 49 
areas examined were situated on the escarpment itself^ — the main object of 
the survey being to obtain data from plant communities situated on soils 
immediately overlying and obviously derived directly from the chalk itself 
over a fairly extensive stretch of country, and these are most commonly 
Joum. of Ecology XIV J 
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encouB-tered on moderate or steep slopes. A certain number of areas lying off 
the escarpment are, however, included in the tables, some on slopes with 
genuine chalk soil, others taken from '‘chalk heath” (6 areas) and "heath” 
(2 areas) developed on the chalk plateau. Data from the communities of these 
last two categories are given in a separate table (Table II pp. 22, 23). 

The region was revisited in June, 1923, by one of the authors in company 
with Mr H. Gilbert-Carter, with the object of supplementing the original lists 
by including species not observable at the end of the severe drought of 1921. 
Many of the areas were re-listed and a few fresh ones listed, but little that was 
new was discovered, the principal species observed in 1923 and not seen in 
1921 being Senecio camfestris (Cineraria mtegrifolia), a species whose sub- 
aerial shoots had no doubt dried up and disappeared during the very hot 
summer of the earlier year. Many more records of orchids were expected in 
1923, but very few were obtained. 

The lists of Bryophytes are no doubt incomplete, partly owing to the season 
and weather of the year when they were compiled, though all the species which 
form important constituents of the Sussex chalk grassland are certainly in- 
cluded. Very little attention was given to the Bryophytes on the second series 
of visits. It is noteworthy that no Pteridophyte -was met with on any of the 
4:9 areas examined, with the exception of Dryopterisfilix-mas^ which had estab- 
lished itself along with other woodland plants on one of the heath areas (a) 
almost surrounded by forest. Woody plants invading the grassland have been 
omitted (with the exception of CaZZwa, Erica cinerea, JJlex nanus \{fmnof) * 
on the "chalk heaths” and "heaths”) but have been alluded to in the short 
descriptions on pp. 5-14. 

The approximate locations of the areas listed are shown in the Sketch-map 
(1-41, A~P, a, b). The sizes of the areas listed are not constant. The attempt 
was made to get as complete a list as possible from each place, so far as 
the vegetation appeared uniform and the habitat (including aspect) appeared 
constant. Probably the size of the area included in each list varied from about 
a quarter of an acre to about an acre (say an eighth to half a hectare). 

The first two areas, situated in Hampshire, are selected from the lists 
made during the more detailed investigation by the authors of "The Chalk 
Grasslands of the Hampshire-Sussex border” which forms the third, of thes^ 
"Studies” (This Journal, 13 , pp. 177-223). They are as typical examples 
as could be chosen of the extreme western chalk grasslands of the region 
under consideration. These two lists are the longest of any, partly because the 
areas are relatively large and were visited several times in different years 
and at different seasons. They lie just to the west of the well-wooded western 
region of the Downs and are not far distant from extensive woods. Passing 
eastward from these there is a considerable gap in the series, extending to 
Cocking, but the next seven areas (3-9) are all situated on the well-wooded 
Western Downs, where not only much of the escarpment but great areas of 
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plateau, dipslope and valley side are covered with, forest; and the lists show 
that there is no great difference between the grassland areas. in this region and 
the two distant Hampshire ones. On the next stretch (lO-lS), which we have 
called the West-central Downs, escarpment woods are almost lacking along 
the western section from Amberley to the Washington gap, but are practically 
continuous along the eastern section, from Washington to Steyning. Here 
the plateau and dipslopes are almost destitute of wood but are much covered 
with heath and scrub, alternating with arable land. At this point too, Bromus 
erectus^ very local indeed in the west, becomes locally dominant over con- 
siderable areas, and Bf achy f odium finnatum was met with for the first tisne. 
Filipendula liexapetala also, so abundant on many of the Eastern Downs, had 
not been encountered west of this region. Senecio campeslfifi^ again, was not 
met with west of the East-central Downs, and Phyleiima orhicuhre is much 
commoner in the centre and east. Campamda glomemia, on the other liancl, 
was not seen east of the West-central Downs. All six of these species are 
characteristic of chalk grassland, so that there seems to be a real floristic 
transition in the region of the Central Downs, running parallel with the 
diminution and disappearance of chalk woodland. This does not mean, of 
course, that these species do not occur on the chalk of both East and West 
Sussex. They are all six recorded .in Watson’s Topographiccd Botcm>y and 
Supplement from both, though they were not seen by us on our traverse; 
and the differences in their abundance and frequency on the Eastern and 
Western Downs must be very great. 

The East-central line of Downs may be divided into three parts: a western 
straight portion from Deeding to the DeviFs Dyke (19~2G), entirely destitute 
of woods, a central northward curve (not examined but with a few plantations) 
extending to just beyond the London-Brighton road, and an eastern straight 
portion (27-29) from Ditchling Beacon to Mount Harry (Lewes), again with 
very little wood. Then we come to the isolated Mount Caburn group of Downs 
(30-33) just east of Lewes, and finally to the Eastern Downs beyond the Ouse 
valley, curving south-east and south from the Firle Beacon region to Beachy 
Head (34-38). The last three areas (39-41) were taken on each side of the 
Cuckmere valley, and, with 37 and 38, were quite close to the sea. On the 
escarpments of none of these Eastern Downs is there more than an occasional 
plantation or patch of scrub, though the plateau and dipslope are in places 
much covered by scrub or heath. 

Apart from the wide divergence between the two ends of the South Downs 
in the ambunt of woodland they bear, there are other features of difference. 
The western end is at present much more generally and heavily infested with 
rabbits, apparently because the Western Downs are a region of great estates, 
largely maintained for the sporting interests of their owners, while the Central 
and Eastern Downs are a region of farms in which rabbits are not encouraged. 
This difference apparently affects the dominant grasses, Avena pmlensis and 
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A. f ubescenSf as well as Bromus erectus, being much, more prominent in the 
centre and east than in the west. Anthoxmithmn odoraiim, too, is generally a 
more abundant constituent of the chalk grassland east of the P^iver Arun. 

A leading physiognomic difference is the frequent occurrence in the region 
of the Central and Eastern Downs of tall close herbage on the steep northern 
slope of the main escarpment. This never exists where rabbits are abundant. 
It is dominated by a variety of grasses, not only the Avenac and Brom ns 
erectus^ but also locally by ArrJienatlienim elatiiis, Deschamfsia caespitosa. Boa 
pratensis, Festuca ruhra, and in extreme cases by Fesluca elatior, towards 
the damper bottom of the slope. (See areas 10, 11, 14, 19-24, 27, 28, 35, 30.) 
Primula veris^ Scabiosa succisa, and Rumex acetosa are rather characteristic 
species of these slopes, while Festuca ovina and many of the small herbs of 
closely pastured chalk grassland are considerably diminished in abundance. 
The soil is generally fairly deep and often rich in humus, but it retains a dis- 
tinctly high alkalinity (pH, 7*2— 7*8) in the surface 2 or 3 inches. This meadow- 
community is distinct, as regards dominants and soil, from the well known chalk 
grassland dominated by Festuca ovina. But we see no reason to separate it 
from the latter at all sharply, since most of the associated list of species is 
the same. It is simply a result of the increase in the moist shaded conditions 
of the steep northern slope of the tall grasses, in the absence of continuous 
grazing. This leads to increased competition and a tendency to elimination 
of the smaller plants. The soil is characteristic (see p. 15). 

Mosses are on the whole much less abundant in the grassland of the Central 
and Eastern than in that of the Western Downs, but some of the steep northern 
slopes just described carry a considerable moss flora. Nowhere, how^ever, east 
of the Arun was the dominance of mosses on northern exposures of the Hamp- 
shire Downs at all paralleled, except on one northern exposure (23) of excep- 
tionally steep slope, probably artificial and suggesting (by the presence also 
of Tussilago farfara) an early phase of development. This phenomenon is 
doubtless correlated with the rainfall and humidity. The Western Downs nearly 
to the Arun and a small area round Ditchling Beacon receive between 31 and 
34 inches, while most of the Central and Eastern Downs receive between 
28 and 31. The southern exposures examined are, as might be expected, 
notably poor in bryophytes, and some are quite destitute of them. Tin's is 
specially marked in the extreme eastern region near the sea, which is also 
poor in flowering plants, the few submaritime species not compensating for 
the poor development of the general list. Areas 39, 40 and 41 are situated in 
a region which receives less than 25 inches of rain 

Besides the species mentioned on p. 3 certain others show" a preponderating 

i The rainfall data are taken from Hall and Russell’s AgricuUiire and Soils of Kent, S^irrey, 
and Sussex (1911) and represent a 10-year average. The particular 10-year period available was 
a dry one, and the figures are probably rather more than an inch below the averages that would 
result from a longer period. 
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distribution in east or west, according to our records. Tliough some of tliese 
may be devoid of distributional significance we add the more striking for what 
they may be worth. 

Species more frequent in the east. 

Anthyllis vulneraria, especially abundant around Lewes, though locally 
abundant here and there in the centre and west. 

Arabis hirsuta, only seen in the east-centre and east. 

Hippocrepis comosa, very local in the west, is met with much more fre- 
quently in the centre and east, and though always local, is quite often dominant 
in small areas, colouring certain downsides bright yellow in June. 

Poterium sanguisorba, though one of the most constant and abundant 
constituents of chalk and limestone grassland in England as a whole, is not 
so constant in West Sussex and Hampshire as in East Sussex. 

Species more frequent in the loest. 

Gentiana amarella on 12 (more than half) of the areas (nearly always 
marked as ^‘ occasionar') west of the Devil’s Dyke, was only seen on one area 
east of this point. 

Helianthemum vulgare on five areas in the western, and only one in the 
eastern half. 

Leontodon autumnalis on 11 areas in the western and only one in the eastern 
half. 

Origanum vulgare on five in the western, one in the eastern half. 

2. DESCRIPTIONS OE AREAS EXAMINED 
A. Westeen Downs (mostly wooded). 

(London-Portsmouth Road to River Arun.) 

1. Chalton Down (Hants). Slope 24-32^^ E., alt. 350 feet, side of a valley 
on the Upper Chalk, three miles S. of the escarpment of the Lower Chalk. 
Herbage 2-3 in., pastured by sheep but not too heavily. Dotted with juniper 
bushes, and clumps of scrub in places. Soil 4 inches to the layer of large 
chalk lumps and another 4 inches to fissured upper surface of chalk m situ, 

2. War Down (Hants). Slope 16*^ E., alt. 600-700 feet. Close to escarp- 
ment of Lower Chalk. Herbage 3-4 in. pastured. A good list of mosses. 
Eight inches of brown to grey-brown humous loam mixed with small chalk 
fragments to surface of fissured chalk. 

3. Cocking. Slope 18-20^ W.N.W., alt. 600 ft., with beechwood and 
calcicoloiis coppice on one side. Herbage 1 in., rabbit eaten. Carex flacca 
leading, almost dominant, much less Festuca ovina than usual. Hippocrepis 
comosa locally dominant. Soil 2 in. of humous loam matted with roots : then 3 in. 
with chalk lumps, some 4 in. diam. Partly disintegrated chalk in situ at 5 in. 

4. Heyshoit (escarpment due S, of). Slope 32° N., alt. 700 ft., chalk scrub 
with much ash to E. and W. Herbage 2-3 in. mostly dominated by mosses, 
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b„t.ogr,.tvaliety. Severely rabbit^atenUrt^omewha^ro^ 

I7vpmipnt nure clumps of Dicranum scopanum 6 m. ucios , 
cZmco (tbe aroet .<•— 

Sr„s“a« ‘Sr^e o. — , C«.»» and CVnlneyaa nibbled 

'’™5%Lf2«» (roadside, sometimes lightly pastured). Slope 10“ W, 
alt 400 ft Herbage 4-8 in. (1921) 3-12 in. (1923) forming tussocks, grasses 

dominant. Very occasional young plants of CoryUis. ^ 

0-5 in. firmly field by roots, 6-10 in. witfi lumps of weatfiered cfialk. Ipp ■ 

fissured surface of cfialk ^n situ at ^qq 

6. East Dean (opposite 5, pastured field) slope 10H2 E alt. 00 1 
Herbage 2-4-6 in. Tui-f tfiick. Soil a brown loam 0-5 m. field by roots a^ 

ifl. ( 5 ), chalk m S'rfM at 7 in. _ iqo a ,,ix .a,),, fj. Tlerba^e 

7. Ectsi Heuw (cattle-pastured grassland), slope lb b., a ■ ■ » 

2-3 in. Mainly a chalk ioia, but Siegliju/ii, ieambms mid 2 .. 

local. Soil round rootn of fonner gave no .Hervescenee rv.th ddutc lit!, m 
other places on suii'ace a moderate to strong efiervescence. 

8 Easf Dean. Enclave of grassland enclosed in Eortfi bide and ' 

beecfiwoods, alt. 500 ft. Heavily rabbit-eaten. Boil very chalky to suilatt. 

Potenum. sangiiiswba &hsGnt. Voox&ova,. . • wi, .n- 

9. West imlon Bin. Slop, steep to alt. 400 it, Fa.riy t,T., al chalk 
pasture with Festuca ovina dominant. Soil blackish brovn, cfialk lumps a 
3 in. Cfialk in situ at 6 in. 

•B. West-centbal Downs. River Arun to River Adur. 

10 and 11. Aniberkij Mount. West and W.E.W. exposures, alt. 400- 
500 feet. Tfiick tall grass herbage witfi tall inflorescences of ^I'T’’ 

Arrhenathenvm, Bromus erectus, Daclylis, Triselum, etc., not recent y pa.s uu-t . 

A few bushes of Crataegus and seedlings. . 

12. AmherUy Mount. Slope 18-25° (32°) N., alt. 400-500 leet lassu.g 
eastward to this exposure from the last the tall herbage gradual y ( is.ijipe.im 
as a hollow witfi a rabbit burrow complex is approached (untoucl.ed ll<,>wenng 
grasses at 150 yards from this complex). Soil light brown, showing grama 
transition from surface to clialk in situ at 12 in. Many loot systi.ins ]n n 

13. Jmberley Mount, further east, slope 22-32° (34'') N., alt. 400 oOO feet. 
Turf somewhat rabbit eaten, 2-4 in. Seedling Quercus and F nn'i vus. 

14. RacJclumHill. Slope 32 - 37 ° N., alt. . 500-000 feet. .Herbage 9-18 m. 
Tall grasses dominant, mainly Avena pratensis, Daclylis ghwemla aiul Agmslts 

inflorescences 24-30 in. Soil grey-brown with chalk lumps at 3 or. ami 
down to 10 in. (chalk in situ): roots abundant to 10 in. Isolatetl bushes of 
Juniperus, Craiaegus, Fraxinus. 
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15^. Ghanctonbuf^j (west of). Slope 15^ N.; alt. 500 feet, herbage 1-3 in., 
moderately rabbit-eaten. Mainly a chalk flora, but Sieglingia decumhens, 
Agrostis tenuis, Potentilla erecta and CoMuna vulgaris present. Flints and 
fragments of chalk at 2 in. and downward to 7 in. where chalk is in situ. 

16^. Chanctonburg (due N. of Ring). Lower part of escarpment wooded. 
Upper part, slope 27° N., alt. 600-700 feet. Turf about 2 in. 

Poterium sanguisorba and Oarex fiacca practically co-dominant, the com- 
mon mosses abundant. Seedlings of Fraxinus, Corylus, Acer 'pseudoplatanus, 
Fagus. Locally Rubus leucostachys. Soil looks chalky to surface, small chalk 
lumps in second inch. Large flat chalk blocks (probably in situ) with soil 
between from 4 to 8 inches from surface. 

17^. Steyning Round Hill. Slope 27° N., alt. 400-500 feet. Bromus erectus 
dominant generally, with BracJiyf odium 'pinnatmn locally dominant. Herbage 
deep and thick, 9-12 in. Scattered Junipers with young Ilex and Fraxinus 
in their shelter: also Viburnum lantana, Rosa sp. and Solanuni dulcamara. 
Soil with small chalk lumps immediately below turf, chalk in situ at 6 in. 

18. Steyning (above Maudlin Farm)'. Slope 5° S.E., alt. 400-500 feet. 
Numerous mixed grasses. Scattered bushes of Crataegus, Juniperus, Prunus 
spinosa, Rosa rnicrantlia^ Rubus rusticanus. Soil very shallow, chalk showing 
on surface. 

G. East-central Downs. Diver Adur to River Ouse. 

19. ToUington Hill. Slope 16—25° N., alt. 300-400 feet. Very good uniform 
grassland. Grasses decidedly dominant. Arena pratensis nnd Brom/us erectus 
preponderating; then Poterkmi sanguisorba. Primula veris forming marked 
''families’’ and ''clans.” Herbage 6-8 in. Inflorescences 2-3 feet. Scattered 
Crataegus bushes. Festuca rubra (dominant on ant hills). Soil top 3 inches, 
shrinks strongly to hard black cake on drying; chalk lumps at 3 to 4 inches. 

20. Truleigh Hill Slope 30-32° N., alt. 600 feet. Grasses dominant. 
Herbage 10-12 in. Inflorescences 2 feet. Seedling 

21. Edburton Hill. Slope 30-35° (in steepest part) N., alt. 500-600 feet. 
The tall grasses (including Poa pratensis) and Poterium very abundant : Festuca 
ovina, Beilis, Linum catharticum, -eto., especially in short grazed turf. Chalk 
lumps in soil at 4 in. Top inch of soil shrinks to blackish brown cake on drying. 

22. Perching Hill Slope 32-37° (in steepest part) N., alt. 400-500 feet. 
Slope with narrow terraces, edges occupied by tail grasses. Festuca ovina 
grazed turf between. (Of. Cliffe Hill, Lewes, 32.) Herbage 1 (grazed) to 12 inches 
(tall grasses). Mosses not abundant. Soil 3 in. of surface loam with many 
small chalk lumps beginning 1 in. from surface. 3—7 in. disintegrated chalk. 
At 7 in. chalk in much fissured and broken. 

23. Between Perching and Fulking Hills, n steep slope 37-40° (extreme 
42° at steepest— perhaps cut) N., alt. 450 feet. , Chalk grassland, but barely 

A 5'ee Table I, p. 20, for rather unexpected pH values. 
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® stable ill steepest places. Tussilctgo fcifcifa witli small leaves, probably a 

relict of an earlier stage of succession consequent on cutting tlie cbalk. Mucli 
moss--Hyloco 7 nium tn^^^^ and H, sflendens locally dominant: also great 
quantities of Nechem crista on bare patclies. Over 40° the soil tends to slip 
and open, thougli mosses sucb as Hyfnum molluscimi and N. crispa, in wbich. 
grow kerbs and grasses, may maintain tkeniselves on the sides of cuttings at 
45° or even 50°. 

24. FtdldngHill Slope 22-24° N.E., alt. 400--500 feet. Herbage 4-12 in. 

^ Avenci pfatensis generally dominant, Festuca rubra frequent to abundant. 

25. DeviVs Dyke. Slope about 30° N.N.W., alt. 400-500 feet. Herbage 0 in. 
Moss layer 2 in. tkick. Achillea, AnthoxcifilM^^ Fftaniila veris, Koclcria 

^ gracilis, Biimex acetosa, Scabiosa spp. present (absent in 26). Soil 3 in. to 

^ ckalk in situ. 

^ 26. Opposite sloiie, about 30° S.S.E., same altitude. 11 erbage 

^ l|-4 in. Soil 2-3 in. to ckalk in situ. Grasses only sparse, no mosses. Species 

mentioned under (25) absent. CHrsiiini acaule, lltppocrcpis niarkedly more 
abundant than in (25), Helianthemurn present. These and similar clifferences 
from (25) seem entirely a result of aspect. 

27. Escarpment due 8. of Goat Farm, Westmeston (one mile E. of Ditchling 

Beacon), in and above angle of V-shaped plantation. Slope 35-37° N., alt. 600- 
700 feet. On upper part of slope herbage 8 in., tall grasses dominant and tending 
to smother other plants. On lower part (between arms of V-piantation) 
herbage 18 in., very tall grasses overwhelmingly dominant (intlorescences 
3 feet), rest of flora very poor: elatior generally doniiiiant, Arrhenth 

therum locMly dominant : Phnpmella and Ceuta urea nigra tlie 

main species maintaining themselves in the thick tall grass. This locality 
represents the most extreme dominance of grasses met with on a sliallow 
chalk soil. The shelter of the plantation is evidently an additional factor. 
The plantation is composed of Pinus ausiriaca, Picea execlsa, Quercas ilex, 
Acer pseiidoplatanus, Fraxinus excelsior, with Sambacus uigra colonising it. 
Fraxinus is the only woody plant observed to be colonising the slieltered 
grassland, in which AntJiriscus silvesiris occurs (rarely). Soil blackish, slirinks 
and hardens on drying. 

28. Escarpment N. of Plumpton Plain. Slope 30° N., alt. 500-600 f(‘et. 
Herbage 12 in. The same grasses dominant as in (27), but Festuca elatior not 
so predominant. Crataegus bushes scattered, wdth Sambacus. Soil very loose 
dark humus going down at least 8 inches, with chalk lumps almost immediately 
below surface. 

29. Mount Harry. Slope 30° N., alt. 400-600 feet. (PL I, fig. 1.) Herbage 
tussocky, cattle-pastured, 6-8 in. high. Much moss. Poleriuai abiiiidant to 
subdominant. Scattered Crataegus frequent, Vihuruum lantaua occasional, 
Sycamore seedlings. Soil 3 to 4 inches of dark humous loam with small chalk 

articles, then disintegrated chalk with soil between. Solid chalk in situ at 10 in. 
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D. Isolated Downs East oe Lewes. 


30. MowM Oabwn. Slope 23-28° S., alt. 300-400 feet. Herbage 4 to 6 in., 
rattier sparse. Bromus erectus and Avena ffotensis dominant: these two, with 
Poterium sanguisorba, make up the great bulk of the herbage. A poor list of 
species and very few mosses: no bushes. Soil 2-3 inches to chalk lumps. 
Dries blackish, soft — many shells. Considerable carbonate and high organic 
content in surface layers. 

31. Slope 23-25° N., alt. 400 feet. Herbage 8-12 in., 

much thicker than on (30). Bromus erectus dominant, with other grasses and 
Poternmi, Other species more numerous and the Hylocomia present. One or 
two bushes. Soil similar to (30), 2 to 3 inches to big chalk lumps. 

32. Oliffe Hill. Slope 18° steepening to 32° downwards, S., alt. 200-400 feet. 
Bromus erectus dominant, 9 inch herbage, infl. 30 in. (very dry season of 1921 
herbage 4-6 in., infl. 24 in.). On the steepest slope ridges a few inches apart, 
dominated hj Bromus erectus, follow the contour lines of the hill: between 
these the sheep walk and browse on the turf, which shows bare chalky soil 
here and there. They avoid the Bromus on the whole (according to a shepherd 
they only eat the ripe seed) but here and there young Bromus shoots were 
seen eaten off. (Cf. Perching Hill, 22.) At the slope of 18° turf just con- 
tinuous: large chalk lumps met with in soil at 3 inches’ depth. Crataegus rare. 

33. Mailing Hill. Elat top, alt. 450 feet. Typical chalk flora: no alien 
elements. Festuca ovina dominant. Herbage short, pastured. Soil blackish, 
shrinks in drying: 4 in. to chalk, reaction neutral, high organic but low car- 
bonate content. 

E. Eastern Downs (Firle Region). 

34. Itford Hill, Slope 10-15° S., alt. 200-300 feet. Herbage short, pastured. 
Typical chalk pasture flora. Soil 3 inches to chalk, brown, moderate organic 
and carbonate content, reaction distinctly alkaline. 

35. BeddingJiam Hill. Slope 35° to N.E., alt. 400-500 feet. (PI. I, fig. 2.) 
Herbage 12 in. Grass inflorescences 36 to 42 in. Bromus erectus dominant, other 
tall grasses and many other species associated. Mosses, mainly Hylocomia and 
Brachgthecium furum, toim a. continuous stratum. Soil more than 12 inches 
deep. A few chalk lumps at 10-12 in. Top 4 inches with the greatest mass of 
roots, reaction alkaline, light grey in colour — low organic content. Seedling 
Fraxinus. Occasional plants of TJlex eurofaeus, Uubus leucosiachys, R. rusti- 
canus, Solanum dulcamara. 

36. Fwle Beacon. Slope 30-32° N., alt. 600-700 feet. Herbage 12 in., a 
mixture of tall grasses, locally eaten down by sheep. Brachyfodium finnatum 
dominant over many acres of the scarp: sometimes burned over since sheep 
refuse it. The Brachypodium shoots freely after burning, and Pinipinella, 
Leontodon hispidus, with Sonchus oleraceus and other weeds, grow between the 


shoots. Mosses locally abundant. Soil 3 in. of loam to disintegrated chalk. 
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F. Extreme Eastern Downs. 

37. Beachy Head. Slope 20-24° to S.E. (i mile vot' sEort 

300 feet Parallel ridges following the contours as m (33), turf vei> .Imi 
between Herbage i to 6 in. Typical chalk grassland showmg no mantnne 
ttre extpt possibly the frequency of Danous oarota Pot^^u^ san.msarU 
and bulk conspicuously. Patches of s^ub with - 

EwhM.s- rusticanm, Samhicus nigra, Primus sfmosa, Cratmgus, ^ .J 

also Teuarmm soorodonia, Inula squarrosa and Brackgpodmjn silvaHcum. boil 
2 inches of brown loam, grey below this. Chalk lumps at o 

38. Beachy Head. Flat top of cliff, alt. 500 feet. Turf '<^17 ’’ ^ 

grasses except in local shelter. Soil, locally 6 inches of brown loam ^wth no 
fhalk lumps: in other places chalk lumps are met with an mch oi tuo fioi 

surface and tlie chalk in situ is at 5 in. i’„ 

39 Exceat. Slope 5° W. on east side of Cuckmere valley one mile iioni 

the sea, alt. 50 feet. Soil alkaline, 4 inches to chalk. Poor flora, no mosses ^ 

40 Cliff End. Top of cliff, alt. 200 feet, flat, some distance fiom tdo • 
Herbage I- inch. Soil alkaline, six inches to chalk. Poor flora, no “«sses 

41 South Hill, just west of Cuclmiere Haven, alt. loO feet. Hexbago 
3-4 inches, inflorescences 9-10 inches. Soil a friable loam more than U inches 
deep, moderate to strong effervescence with HCl. The top 4 inches showed • le 
most alkaline reaction met with, pH. 8*2. 

Notes on the Vegetation and Flora of the Maritime Region of the Sussex ChulL 

TJie last five areas listed (37-41) wore all fairly close to the sea (within i mile except 39 wlu^ 
W‘TS 1 mile) The maritime infltieiice was not, however, marked except in two uegatne ptmi s 
r ^ra ipolrtyof the flora and the almost complete absence of mosses. 37 ui a slu-itcred 
^ron trias/sldo of Beachy Hoad, alone had a fairly long list of speems, but even hero 

.BracM/ieewm was the only moss seen. ^ t , n . 

The following general notes on the vegetation of this tract of comitry between Beachy Hoad 

mrf ortte*top of the clifi edge between Beachy Head and Belle Tout (alt. IlOO foot) is 
very short (I- inch), due probably in the first place to full exposure to violent winds as m- as 
to the sun, partly perhaps to trampling. That exposure is probably the mam cause is md.uilid 
by the occurrence on the sides of trenches which were dug durmg the war of J euarum .s, morfeam, 
OUnopodium vulgare, etc., and the growing up of the grasses in the slightest hollow where tlav 
obtain local shelter. The general turf consists of a mixture of the communcbl of *-1“ 
“xerophilous” chalk grassland grasses and herbs, such as Fesliwa ovina, Bnza maim, (■ nsium 
acmle, Plantmjo media, Carex.flacca, with Cynomrm crUtaim, Poterium mnommrhn, Lola, 
eornicutatus, etc. There are patches of Brachjpodium pinnatum, which sufTers mueii, however, 
from exposure and trampling. The “sub-maiitimes” Mrodium ciculariwm and PUinIwjn eomnopux 
were flrst seen here. The soil is very variable, with frequent patches of elay-with-fiints passing 
down into soil with chalk lumps, the chalk rook lying in some cases at a considerable depth 

(e.ff. over 6 feet). . . 

From BeUe Tout to Birling Gap and beyond to the Cuckmere valley there is a % ery tmxed 

vegetation, the edaphio, biotic and local climatic conditions varying very much from place to 
place. There are patches of VUx europaew, tho leading shrub on all this range of cliffs, often 
planted for cover, often burned over, and a good proportion shooting from the base of tho burned 
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stems. Besedalutea colonises tlie burned ground abundantly: also B. luteola and IScMum vulgare. 
The soft young shoots of Ulex are much rabbit eaten. Gallunay Erythraea and Euphrasia are also 
conspicuous here. Inland the plateau is largely covered by windswept Ulex. Ligustrum vulgare, 
badly wind-cut, but growing vigorously, occurs, also the submaritime Agropyrma pungens. 

On the top of “Seven Sisters” cliffs the intervals between the patches of Ulex in the hollows 
are filled with Brachypodium pinnatum which thus obtains partial shelter. In another hollow 
Br achy podium and Bromus erectus mixed (with some Dactylis glomerata and Festuca rubra) 
alternated wdth Ulex. 


On the cliff in more than one place there occurred a weU marked semi-open community of 
the following plants extending only three or four yards from the edge on four inches of soil mixed 
with chalk lumps under the most extreme conditions of exposure. 


Bromus moUis forma (? 
Echium vulgare 
Sedum acre 
Hieracium pilosella 
Poterium sanguisorba 
Senecio campestris 
Eestuca ovina 
Cirsium arvense 
Euphorbia exigua 
Beilis perennis 


nanus) dominant 

Thymus serpyllum 
Plantago meia 
Anthyllis vulneraria 
Reseda lutea 
R. luteola 
Glaucium luteum 
Arenaria serpyllifolia 
Cerastium tetrandrum 
Hippocrepis comosa 


[The following maritime and submaritime plants were met with on the tops of the cliffs (100 
to 200 feet) between Beachy Head and Seaford. 

Agropyrum pungens Erodium cicutarium 

Armeria maritima Glaucium luteum 

Carduus pycnocephalus Plantago coronopus 


Daucus ccurota is locally very abundant, far more so than on any inland area examined. 

On a ledge of cliff 10 feet above the beach at Cliff End (Cuckmere Haven) were Btatice lifnonium, 
Glyceria maritima and Spergularia rmrginatai a little lower down Ohione porkilacoides. Beta 
maritima and Crithmum maritimum. These formed definite local communities (Moss’s “ association 
of spray-washed rocks”).] 


G. ''Chalk heaths’’ ahd heaths. 


Tlie areas on wliicli Calluna or Erica cinerea is developed (with, tlie single 
exception of 15) liave been excluded from Table I, and are separately listed 
in Table II. Tliat no sharp line can be drawn between chalk heath and chalk 
grassland would be expected, and there are in fact all transitions from pure 
chalk grassland to typical "chalk heath” (perhaps also from this to true 
heath, though this j)oint has not been studied). While such plants as Sieglingia 
decu7nbens, Agrostis tenuis and Potentilla erecta may occasionally be found in 
::a good chalk grassland such as is developed on fairly steep slopes or on narrow 

I ridges, it is apparently the rule that on very gentle slopes and fiat surfaces, 

Calluna eventually appears and the other species mentioned increase in 
abundance, though most of the chalk grassland plants normally remain, as is 
shown clearly enough by the fact that the general list of species in Table II 
differs very little from that in Table I. This gives the mixed community which 
has been called a "chalk heath.” Whether it would normally develop into a 
true heath with elimination of the characteristic chalk grassland plants is a 
question that has not been investigated. The pR determinations made on the 
soil samples collected are below pR 7 in the top layer of soil of the four " chalk 
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heaths” given in Table II whose soHs were tested In another instance, 
however (Buddington Farm— see below), the pH of the top ino was . 
Chalk heath areas exammed (A, B in well-wooded, C, D in slightly-wooded. 


Elm non- wooded region). ,,- 1.1 1 +r,„ 

’ h. Heyshott Down. Summit, flat, 700 feet. At the highest level of _the 

^ Pnlli/vtfi fv a to d.) witli I)%CT(inuni scofciEiivM 

summit there was a vegetation of Laltuna ^v.a. to u r 

and Agrostis tenuis on 4 inches of loam with a pH value of b-O. Below this 

were flints and then (5-9 in.) flints mixed with dismtegrated 

chalk in situ at 9 inches. Isolated bushes of Crataegus, Ruhus ^dacus and 

At a^slightly lower level but still on the flat summit of the Down was a 
vegetation composed mainly of the common chalk grassland plants, but wi ,1 
Potentilla erecta, Lumla carnfestris, Dicramm and Ckdowm conspicuous, i 
turf was half an inch deep with two inches of sod, then three inches with 
numerous small chalk lumps, and chalk %h situ at five mches. 

B Burton Down. Summit, flat to 10° S., close to woodland, alt. lOU feet. 
Turf very badly rabbit eaten, i inch, of EesUca ovma-Agroshs only 

where mosses {Hylocomia, Dicmmm, etc.) occurred was there a herbage depth 
of two inches. The clumps of Calluna were severely eaten back. A little distance 
away Calluna was less eaten 12-18 in. high, flowering. Scattered Ul<^ eufo- 
paeus, Crataegus, Rosa lutetiana, Rosa sp. and Fraxmus. boil 4 m. of brown 
loam then 6 inches with flints and 2 inches with chalk lumps. Chalk in si « 
at 12 inches. (On east slope stiff yellow clay with flints to at least two feet.) 

0. Plateau between Steyning Round Hill and No Man’s Lard. Alt. oOO feet. 
Light brown very friable dry loam mixed with flints and a few very small 
chalk fragments. Practically uniform to 16 inches (chalk vn srtu). Loots 
abundant to 4 inches, still frequent at 12 inches, some penetrating to cha c. 
Bushes of Oroiae^'rfs, jMwiperws, Rtibus leucostachys. Primus spimsa. Mosses 

generally absent (BracAi/i^ec'i'MW't ridabMlMm local). 

This is not a chalk heath; on the contrary it has a pH value of 7-4, and 
none of the chalk heath plants except Agrostis tenuis, but is included as a 
flat plateau area for comparison with the others. Possibly it has been ploughed 

at no distant date. - _ ^ - 1 

[On the Chanctonbury plateau, east of Buddington Farni at an altitude 

of 600 feet there is good chalk heath with the following species on the com- 
paratively shallow soil (7 inches) overlying the chalk: 


Calluna vulgaris 
Festuca ovina 
Poterium sanguisorba 
Ranunculus bulbosus 
Cirsium acaule 
Plantago lanceolata 
Filipendula bexai>etala 
Tbymus serpyllum 
Veronica officinalis 
Leontodon Mspidus 
Poiygala vulgaris 


Hieracium pilosella f. 

Lotus corniculatus o. 

Taraxacum erytlnosperniuin o. 
Carcx flacca o. 

Potentilla erecta o, 

Agrostis tenuis o. 

A vena pratensis o. 

Luzula campestris o, 

Achillea miUefolium o. 

Trifolium repens o. 

Linum catharticuin o. 
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The following are the results of analysis of the 7 inches of soil overlying 


the chalk: 

Depth 

of 

sample 

pH 

value 

Water loss 
of air 
dry soil 
at 100° G. 

Loss on 
ignition 

CaO 

MgO 

K 2 O 


7-0 

7-5 

22*8 

M2 

•52 

•32 


7*2 

6-7 

18-9 

*74 

•53 

•31 


7-5 

6-3 

16*0 

•78 

•58 

•28 


On the adjoining plateau Calhma and Helianthenium together occupied 
many mole heaps.] 

D, Mount Harry, Flat top, alt. 600 feet. Variable short turf in.) 
cattle pastured and some rabbits, with Calhma, Agrostis tenuis, Sieglingia 
decumhens and Potentilla erecta, and also a number of ordinary chalk grassland 
plants : occasional bushes of Vlex europaeus and Crataegus, Fraxinus seedling. 
Soil 4 inches of dark humous loam with a few flints, shrinking to a cake on 
air drying, overlying chalk at 4 inches. Surface 2 inches markedly acid 
{pH. 6*0 to 6*5), rich in organic matter and poor in carbonates. 

E, Beddinghani Hill plateau. Alt. 600 feet. Grasses and clovers con- 
spicuous, the Avenae and Bromus erectus absent. Calluna (and elsewhere 
Erica einerea) abundant locally. Ulex europaeus and Riibus spp., Mespilus 
germanica in scrub. Soil 3 inches of loam, then flints to over 8 inches from 
surface. 

F, Firle Beacon plateau, close to edge of escarpment. Alt. 700 feet. Good 
chalk heath. Soil 6 inches of sandy loam, 6*9. 

The plateau and dipslope ridges running south from the Firle Beacon 
massif are largely covered with loam and flints and bear rough scrub in 
which Rubus spp. and Ulex europaeus are prominent, with Calluna and Ericxt 
einerea alternating. Ulex nanus {minor) occurs among the Calhma, There is 
also a great deal oi Brachypodium pinnaluni in patches. Arable land alternates 
with the waste, and from this Cirsium arvense often invades. The whole region 
is very similar to the Chanctonbury-Cissbury region 22 miles to the west. 

Three-quarters of a mile to the south-east of area F Calluna (in isolated 
tufts, eaten back) gets 40 yards down over the edge of the plateau in the 
closely eaten turf of the escarpment slope at an angle of 20°. This is the 
maximum angle of chalk slope on which Calluna has been found. 

Heaths, Two areas which may fairly be called ''heaths” without the 
prefix "chalk” were listed — the summit of Grafiham Down in the well- 
wooded western area, and an area south of "No Man’s Land” on the Chancton- 
bury-Cissbury plateau. Both of these show relatively high acidities, values 
below pH 6, and an absence of many of the chalk grassland plants. 

a, Graffham Down, Flat, on the plateau close to the top of the escarpment, 
alt. 700 feet, in an angle of forest. Here Erica einerea is abundant to dominant 
and Calluna vulgaris locally abundant. But between these dwarf shrubs 
there are patches of rabbit-eaten turf. There is an abundance of scattered 


14 


Studies of the Vegetation of the English Chalk 

bushes and young trees, the area clearly being on the way to develop forest. 
The following woody plants occurred: 


Corniis sangninea 
Crataegus monogjjna 
Fagus silvatioa 
Fraxinus excelsior 
Ligiistrum vulgare 


Lonicera periclymenum 
Prunus spinosa 
Rosa micrantlia 
Rubus leucostacbys 


>Salix cinerea 
Sorbus aria 
Ulex europaeiis 
Viburnum lantaiia 


There is a long list of herbaceous plants — a mixture of chalk grassland and 
heath species, with a few woodland forms : namely, Digitahs f urf urea, Dry- 
opteris filix-mas, Epilobium angustifolium, Potentilla stenks. The last named 
are omitted from the list in Table II. 

Though Graff ham Down summit is on the whole a heath, it contains a 
certain admixture of chalk grassland elements. The soil is a dry light loam 
mixed with flints. The top 4 inches are very poor in carbonates and the pH 
value obtained was 5-8. There is no visible sign of chalk to a depth of one foot, 
but at this level chalk lumps occur. 

h. Heath south of “No Man’s Land” (Chanctonbury). Alt. 400 feet, 
slope 5° to S.E. (Pi. I, fig. 4.) This area was dominated by alternating 
patches of Erica cinerea with Ulex nanus and patches of Brachypodium 
pinnatum : scattered bushes of Crataegus, Sambucus nigra, Ulex europaeiis, Rubus 
caesius, R. leiicostachys, R. rusticanus, Rosa camna. Ilex and Fraxinus, with 
Clematis vitalba. Soil a light-brown dry friable loam inclined to be clayey at 
6 in. : at 8 inches a few flint fragments. The pH value of the top 8 inches was 4-0. 

In comparing the lists from these chalk-heath and heath areas with those 
from the chalk grasslands we see that the occurrences and abundance of such 
characteristic chalk grassland species as the Avenae, Bromus erect us, Koeleria 
gracilis, Scabiosa columbaria, Pimpinelh, sardfraga, Phylenma orbicidare, are 
more or less diminished on the chalk heaths, while all these except Pimpinella 
are quite absent from the heaths, as well as Linmn catharticum and Beilis 
perennis. On the other hand, in addition to the appearance of Calluna, there are 
increased occurrences and abundance on the chalk heaths of Agrostis tenms, 
Carex caryophyUea, Holem lanatus (to some extent) and Sieglingia decumbens. 

On the heaths appear, besides Calluna and Erica, Carex pihdifera, Hyperi- 
cum pvlchrmn, Hypochaeris radicata (found in only one of the 41 grassland 
areas), Staehys betonica, Galium saxatile, Ceratodon purpvreus. Polylrichum 
jimiperinum and Hypnum, cupressiforme var. ericetonmi, too, appear on the 
heaths and on one of the chalk heaths. 

But the great majority of all the species are common to the three com- 
munities. It is clear that the chalk heath cannot be regarded as more than a 
modification of chalk grassland in the direction of heath, while the two genuine 
heaths on the chalk plateau have a poor list of heath species. They may he re- 
garded as “association- fragments” in the sense of the Upsalaandnew Zurich 
schools, strongly influenced by the flora of the surrounding chalk grassland. 
It is only locally that the “leaching” plateau succession has developed heath. 
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3. FLORA and SOILS OF THE AREAS 

The two following tables (pp, 16-23) record the data collected. 

4. SOILS OP CHALK GRASSLAND 

The areas of chalk grassland from which the data presented in this paper 
are taken were all situated, as already mentioned, on comparatively shallow 
soils overlying and obviously directly derived from the chalk itself. Small 
single samples of the soil were taken from a majority of these areas (in three 
cases two samples from each) and the results of the partial analyses of these 
are given in Table I. Nearly all the samples were taken from the layer of 
maximum root development: the actual depths are given in the table. Such 
data are of course quite inadequate as the basis of a general account of the 
chalk grassland soils as such, but some comparative remarks may suitably 
be made here. 

Broadly speaking three types of soil were met with: (1) a grey fowdery 
soil with a very high calcium content, and varying in tint according to the 
humus content, which was often high, (2) a brown loam, also with a high 
average humus content, and (3) s, dark coloured sometimes black soil, very rich 
in humus and shrinking to a tough compact cake on drying. Of these (2) is the 
commonest and (1) the rarest, (3) occurring exclusively, in our experience, on 
steep northern escarpment slopes bearing tall herbage. In one or two cases a 
grey soil occurred under tall herbage. This may very well be due to inter- 
mittent heavy grazing checking the accumulation of humus, but the point 
could not be determined without far more field study than we could give. 

CaO Loss on ignition pH 




Average 

Range 

Average 

Range 

Average 

Range 

(1) 

6 grey soils 

29-1 

21-7-37-9 

24-6 

11*6-31-6 

7-4 ' 

6-5-7-9 

(2) 

6 brown soils 

18-1 

9-3-27-4 

25-9 

20-5-32-7 

7-4 

6-9-7-6 

(3) 

7 dark soils 

15-0 

2-4-25*8 

31*3 

23-5-42-6 

7-5 

. 7-2-7- 8 


It is clear that the grey soil is the most primitive, though the areas ex- 
amined, all of which bore pretty fully developed chalk pasture, are none of 
them so primitive as the Buriton Limeworks {a) soil (see No. Ill of these 
‘"Studies,” This Joubnal, 13, p. 184), which contained far more calcium and 
far less humus than any of those considered in the present paj)er. Transitional 
soils between (1) and (2), grey-brown in colour, were met with, and also between 
(1) and (3), blackish-grey. These last dried black, or nearly black, but soft 
and powdery, while the typical dark humous soils (3) dried into a tough 
black or dark brown cake with considerable shrinkage. 

It seems, therefore, that while the dark humous soils (3) are derived from 
(1) under conditions of moisture and rank growth of herbage, the brown 
soils (2) are formed from (1) under conditions of pasturage, and greater dry- 
ness. These brown soils are the most widespread and occur on medium and also 


Studies of the Vegetation of the English Chalk 

Table I- 


Extreme W. 


Aceras aiithropophora 
Achillea millefolium 

Agrimonia eupatorium 
Agi’osfcis alba 
A. tenuis (vulgaris) 
Anthoxantlium odoratum 
Anthriscus silvestris 
Authyllis vuliieraria 
Arabis liirsuta 
Arenaria serpyllifolia 
Arrhenatherum elatius 
Aspemla cynaucliica 
Avena pratensis 

A. pubescens 

Blackstonia perfoliata 
Bartsia odontites 
Beilis perennis 
Brachypodium pirmatum 

B. silvaticum 
Briza media 
Bromus erectus 

B. mollis 
Galluna vulgaris 
Campanula glomerata 

C. rotundifolia 

^ Caiex caryophyllea 
- Carex flacca (glauca) 

Carlina vulgaris 
Caucalis anthriscus 
^Centaurea nigra 
0, scabiosa 
Cerastium vulgatum 
Gii’sium acaulc 

C. arvense 
C. lanceolaturn 
C. palustre 
Clinopodium vulgare 
Crepis virens 
Cynoglossum otTicinale 
Cynosuriis cristatus 
Bactylis glomerata 
^^.Baucus earota ^ . 
Beschampsia caespitosa 
Ecliiuni vulgare 
^Erytliraea centaurium 
Euphrasia nemorosa 
Festiica elatior 
F* ovina 


form 


Western Bowns (mainly wooded) 
(Cocking gap to River Arun) 


s. s. 

' 22 °. 

7 8 


West-central Bowms (River Arun to River . 


. E. E. 

N.N.W. 

N. 

w. 

E. 

. 24- 16° 

18- 

32° 

10° 

10- 

35° 

20° 



12° 

1 2 

3 

4 

5 

6 


o.-~f. f.-a. 


f.-a. o.-f. f. 

H f.‘ f. 


f. f.-a. f. 
La, 1. 0. 


f. f, f, o.-f. 0. f. 

f.-a. f. f.~a. 0. 0. 

1. f.-a. f. — — 


Th 

Th 

II 

H or CIA 
H 
H 
H 


o. o.-f. f. 


f.-a. o.-f. f. 


0. 0. f. o.-i. 

a. v.a. v.a. a. 

0. 0. 0. — 

1. — o.-f. — 


f. f.-a. v.a. v.a. 


f.-a. f.- 
v.a. 


G — 

H r. 

■ H — 

H 1. 

Th L 

H 1. 

H — 

H or CIA 1. 

H o. 

HorCh’ - 

H — 

Th - 

Th 0. 

H or CIA - 

11 V.f 


0. o.-f. f. 


a. f.-a. a.- , v.a. v.a. a. 
v.a. 


— o.-f. o.-f. L — 

— o.-f. o. — — 


0. r.-o. f.-a.- o.-f. 


v.a. v.a.- f.-a. 

d. 


f. v.a. v.a.- cl. 
d. 


Filipendula hexapetala H — _ — — . — — r. — 

Fragaria vesca H L *7- ““ i i — o, __ 

^Gafumerectum H ‘•'■-"■-•“ZZZZ- — _L__- 

G. mollugo H , f „ o 0 -f — 1. {- o. f. 

G.Tetum , H o. — — f. f. — — ^ _ 

Gymnadenia conopsea G — — ■ 

1 These tufted grasses, though classed hy Eaunkiaer .as hemicryptophytes, may, in our climate, have percnnatmg 

above the soil surface, 


W. W.N.W, 

. N. 

N. 

N.W. 

N. 

N. 

N. 

S.E. 



18- 

22- 

32- 

15° 

27° 

27° 

5° 



32° 

32° 

37° 





10 

11 

12 

13 

14 

15 

16 

17 

18 









— 

_ 

— 

— - 

0. 

— 

0. 

f. 

f. 

o.-f. 

f. 

f. 

— 







— 

— 

■ — 


0. 

a. 

f. 

0. 

— 

a. 

0. 

— 

La. 

a. 



— 


— 

— 

a. 

— , 



a. 

f. 

f. 

0. 

0. 

a. 

f. 

_ 

. - — 



— 

, — ' 

— 

, — 

■ — 

— 

— 

: ' 







— 

— 

— 

— 

— 

r. 

__ 

— 

— 



— 

— 

1 1 

1 1 

1. 

1. 


z 

1. 




La. 

i. 

f. 

f. 

0. 

0. 

0. 

0. 

f. 

0. 

La. 

a. 

La. 

1. 

La. 

v.a. 

0. 

o.-f. 


a. 

f. 

f. 

0. 

— • 

— 

0. 

o.-f. 

La. 

— 


__ 







— 

— 










— 

— 

— 

— 

r. 

0. 

0. 

0. 

0. 

— 

0. 

o.-f. 

— 

f. 





— 

1 

p 

Ld. 

1. 

f.-a. 

f. 

f. 

o.-f. 

f. 

0. 

f] 

f. 

__ 

1. 

L 

— 

— 

1. 

— 


d. 

L 

— 

— 

— 

z 



0. 



— 

— 



r. 




— 

— . 

_ — 

— 

f. 

f. 

0. 

f. 

0. 

f. 

f. 

f. 

0. 

0. 

f. 

0. 

0. 

— 

' 0. 

f. 

— 

— - 

o.-f. 

f.-a. 

a. 

a. 

f. 

f. 

v.a.- 

a. 

r. 







c.d. 





0. 

— 

0. 

— 

0. 

0. 

— 

f.-Lc 

0. 

; 

— 


— , 


— 

— 

— 


0. 

f. 

u. 

0. 

— 

— 

0. 

0, 







— 

— 

— , 

- — 

— 

" — 


" 



— 

r. 

— 

f. 


— 

f. 

a. 

a. 

a. 

a. 

f. 

L~ 

La. 

o.-f. 

f. 

— 

— 

— 

L 

L 






0. 

0. 






— 

— 

— 

— 

— 

0. 





— 

— . 

— 

— 

— 

— 

— 







— 

— 

— 

— 


f. 





— 

— . 

— , 


— , 

— 


f. 

La. 

L 

L 

La. 

1. 

a. 


0. 

La. 

a. 

f. 

f.-a. 

1. 



. — 

— 

— 

— 

_ 

— 

f. 



; 

— 

f. 

, 


1. 



— 

— 

— 

— 


' ■— 


, — . 

z 

0. 

f. 



— 

f. 

0. 

0. 

0. 




— 


— 

: — '■ 

" 


. 

v.a. 

a. 

V.a. 

v.a. 

a. 

V.a, 

v.a. 

a.- 

H.d. 

v.a. 

— 


— 

— 

— 


— 


La. 








f. 

1. 

•_ 

■■ . 



— 


— _ 

,, — ■ 


r. 

- — 


■ 

__ 

1. 

L 

0. 


0. 

— 




. 



■■ — 

— 

— 

. — ■ 

, — , 


0. 

0. 

0. -f, 


1. 

f. 

0. 

f. 

La. 


, . — 


„ , — . 

„ — 



, — , 

— 


A. G. Tansley and R. S. Adamson 


17 


East-cenfcral Downs 
(River Adur to River Ouse) 


N. 

N. 

■N.. 

N. 

N. 

N. N,N.W. S.S.B. N. 

N. 

15- 

30- 

30- 

32- 

37- 

22- 

30° 30° 35- 

30° 

25° 

32° 

35° 

37" 

40° 

24° 

37° 


19 

20 

21 

22 

23 

24 

25 26 27 

28 

a- 

f. 

f. 

f. 

1 1 

f.-a. 

o.-f. — f. 

■ a. ■■ 

.v.a. 








— 

— 

— 

— 

^ — 

— 

— . . 


f. 

0. 


La. 

— . 

a. 

— ■ — f. 

a. 




' 

■ 

' 

— 

— . — — 

— . 

v.a. 

a. 

f. 

f. 

a. 

l.v.a. 

f. — a..Ld. 

La. 







— 

— 

— — r., 1. 

— 

La. 

' 




, — 

— 

— . — , — 

— 




— 

— 

— 

o. 

r. ~ o. 

— 








— 

— 

— — — 

— 

1. 





__ ■ 

— 

— 

— — l.v.a. 

— 

0. 

f. 

— 

0. 

f. 

f. 

— , — 

— 

r.a.- 

v.a. 

0. 

v.a. 

v.a. 

a. 

a. a. v.a., 

l.v.a. 

d. 

a. 

a. 

v.a. 


f. 

v.a,- 

Ld. 

a. — a. 

d. 






d. 












— 







L 

Lf. 

— 

o.-f. 

— — ^ — 

— 

Ld. 

, „ 

0. 

— 

— 

r. 

— — . 

z 

a. 

a. 

0. 

f. 

r. 

r. 

f. 

f.-a. f. f. 

1. 

l.a.- 

La. 

„ — 

. — 

r. 

1. 

— — La. 

l.v.a. 

Ld. 


__ 





' 

— — — 

__ 

— 

— 

— 

— 




: ' ■ 

— 

f. 

a. 

— 

0. 

0. 

0. 

. 

f. 







f. 

— 

0. 

— r.-o. r. 

— 

0. 

a. 

0., L 

v.a. 

a. 

f. 

f. a., La. 

0. 







l.v.a. 


— 

0. 

— 

— 

0. 

0. 

— r.-o. — 


o.-f. 

0. 

0. 

0. 

L 

0. 

0 . — a. 

a. 






— 

1. 

— 

— — , — 

. — 

r. 



o.-f. 



— 

0. 

— — f. 

r. 

f. 

0. 

0. 

f. 

f. 

f. 

0 . a, Ld. — 

La. 




— 



1. 



— , — — 


■ — 




= 



— 

— 


— 


— 

1 1 




1. 

!. 



f. 



f. 

, — ■ — , ^ — 

— 

La. 

f. 

v.a. 

a. 

f. 

f.-l.d 

. L r. f.-a. 

f. 

■ " 


— 

— 

— 

0. 

— f. — 

■ — ' 

1. 

La. 

0. 

a. 

1. 

1. 

— ■ — a. 

l.v.a 



— 

,, „ 


— 

— 

— — ' ■■ ■ — 

— , 



■ 

' 

. — 


— ' 

— ■ — , — , 


— 

0. 


0. 

0. 

0. 

— f. — 

— 

L 



, ■ 



— 

— — Ld. 

l.v.a 

f. 

v.a. 

0., 1. 

v.a. 

v.a. 

. — 

a. a. La. 

o. 

f. 


f. 

— 

— 

f.-a. 


— 


Table I. 


Mount Cabum group 
east of Lewes 


s. N. s. Flat 


Eastern Downs 


Maritime region 
extreme east 


— a. L a. a. 

v.a. v.a. a. a. a. o. 

d. o. a. a. a. r.-o. 


r. o.-f. — f* 


, — ^ o* 0 . 0 . 


0. 0. f. — 0. — 

f. La, — o.-f. L o.-f. 

Joum. of Ecology XIV 


— — f.,La. f. £ 


Flat. 

f 

s. 

10- 

15° 

N. 

30° 

N. 

30- 

32° 

^ 

S.E. 

20- 

24° 

Flat 

w. 

5° 

Flat 

33 

34 

35 

36 

37 

38 

39 

40 

. 

— 

— 

— 

— 

— 

— 

— 

0. 

0. 

f. 

f. 

f. 

0. 

f. 



— 

— 

f. 

La. 

f. 

— 

— . 

— 

— 

— 

_ 

— 

— 

— 

— 

— - 

o. 


f. 

— 

f. 

0. 

— 

— 



— 

— 

r., 1. 

— 

— 

— 

■ — 

o.-f. 

f. 

— 

— 

Lf. 

— 

— 

0. 

0. 

— 

— 

— 

— 

— 

— 

— 

0. 

0- 

L 









z 

— 

— ■ 

a. 

La. 

a. 

a. 

— 

— - 

0. 

0- 

a. 

La. 

La. 

a. 

f* 


r.-o. 

Lf. 

f. 

0. 

0. 

— , 

— 

, 

■ 

— 

— 

— 

— 

— 

: — 

— 

f.-a. 

0. 

0. 

0. 

— 

0. 

0. 

0. 

— 

— 

— 

Ld.. 

' — ■ 

— 

— 

— 

■ 

' 

— . 

— 

. — 

— 

— 

- — 

o.-f. 

f. 

f. 

f. 

f. 

f. 

f. 

a. 

f. 

1. 

d. 

L 

— 

r. 

d. 

f. 

— 


— 

: — 

— 

— 



1. 

; 

— , 

0. 

. — 



z 

z 

■ — 

0. 



0. 

— . 

— 

— 

— . 

, — 

a. 

v.a. 

a. 

f. 

a. 

a. 

0. 

a. 

— 

— 

0. 

0. 

r. 

0. 

r. 

— 

z 

— 

— 

f. 

0. 

f. 

Lf. 

' — 

— , 

■ — 

— 

■■ ___ 

— 


. _ 

— 

__ 

f. 

__ 

— 

0. 

. — 

— 

— 

— 

. f.-l.d. 

f. 

f. 

a. 

f. 

f. 

f. 

0. 





r. 

L 

r. 



a. 

' — 

— 

— 

0. 

— 

— 

— 


. — 

— ■ 

' ; 


, — 

— 

— . 

— 

__ 

— , 

— 

■ — 


' — 

— 


— 

— 

■ 

r. 

0. 

— 

— 







__ 

■ __ 

— 

— 

— 


0. 

f. 

f. 

1. 

f. 

0. 

— 

0. 

z 

0. 

1. 

f. 

' — 

0, 

0. 

, __ 


. — 


— 

' — ' 


0. 

' — 



. 

— 

1. 

r. 

- — 

— 

— 

: — . 

0. 

0. 

f. 


0- 

— 

■■ . 


— ■ 

— 

— 

— 

■ — 

' — 

a. v.a.- 
d. 

■ V.a. 

f. 

La. 

V.a. 

v.a. 

L 

f. 

a. 

.a. 0. 

a. 

, — 

— 

Lf. 

La. 

f. 


■' — . 


— 

— 

— . 

— 

, — 

. , «_ 

■ — 

L — 

1. 

0. 

0. 


— 


' ■ 

■ 


■ — 

» — 

■ — 


, — , 


— 

0. 

La. 

a. 

f. 

, 



Occurrences 


S . ( — ^ 


No. 


. of 


41 areas 

0/ 

/o 

— , 1 

2 

La. 31 

,7G 

— ' .4 

10 

— 22 

54 

— 5 

12 

— 28- 

70 

— 2 

5 

0. 12 

30 

— 4 

10 

— 2 

5 

— 9 

22 

— 31 

76 

v.a.- 39 

95 

c.d. 


— . 28 

70 

— 1 

2 

— 2 

5 

— 26 

65 

— 8 

20 

— 5 

12 

a. 39 

95 

, . 25 

62 

■ __ 1 ' 

2 

— 1 

2 

— 6 

12 

— 27 

67 

— 21 

52 

' a. .41 ' 

100 

— 22 

'54 

— , 2 

5 

a. 27 

67 

■ . 2 

5 

— 15 

45 

a. 40 

08 

1. 11 

27 

^ 7 

17 

2 

5 

— 3 

„ 

4 

10 

, :2,. 

5 

— 15 

37 

t 29 

72 

a. 15 

37 

— 13 

32 

. \ 1 

2 

. ,2 

5 

0. 24 

60 

0. 4 

10 

— 39 

95 

v.a.- 8 

20 

c.d. 


La. 13 

32 

2 

5 

— 18 

45 

— 3 

7 

— 26 

65 

— 3 

7 

2 



Studies of the Vegetation of the English Chalk 



Gentiana amarella 
llabenaiia viridis 
Hftlianfcheiiiiim vulgare 
ilieraciiiiti piiosella 

Hippocrepis comosa 
Holcus laiiafcus 
Ilyporieum perforatum 
li yp uchaeris radicata 
Koeleria gracilis 
LatUyriis pratensis 
Leo n tod on aiitumnalis 
L. hispid us 

Leueantheinum vulgare 
" Linum aiigustil’olium 
L. eatharticuiu 
Listera ovata 
Loliuin perenne 
Lotus corniciilatns 
Luzula campesfcris 
Medicago lupulina 
]\Iyosotis arveiisis 
Ononis repens 
Oplirys apifera 
Orcliis inaculata 

O. pyramid alis 
Origanum vulgare 
Phleum pratense 
Phyteuma orbiculare 
Picris hieracioides 
Pimpinella saxifraga 

■" Plantago lanceolata 

P. media 

* Poa pratensis 
. Polygala vulgaris 
Potentilla auserina 
P. erecta 
P, reptans 

Poterium sanguisorba 

Primula veris 
Prunella vulgaris 
Ilanunculus acer 
R, bulbosus 

R. repens 

Rhinanthus crista-galli 
Reseda lutea 
^ Rurnex acotosa 
Scabiosa arvensis 

S. columbaria 
S. suecisa 
Senecio campestris 

(Cineraria integrifolia) 

S. jacobaea 
Sieglingia decumbens 
Sdnchus oleraceus 

^ (Spiranthes autumnalis 
Tamus communis 
^ Taraxacum erythrosperrnum 

T. officinale 

Thesiura iinophyllum (humi- 
fusum) 

Tbyrnus serpyllurn 


0 . o-a. 
a. f.-a. 
0 . — 

0 . o.-f. 


Extreme W. 

E. E. : 

...... 24- 1C" 

Life- 35° 

form 1 2 

Th o. r.~o. 

G ~ — 

Cli — — 

H l.a. l.a. 


H 

H 

H 

H 

H 

H 

H 

H 

H 

Til or H 
Th 
G 
H 
H 
H 
Til 
Til 
H 
G 
G 

, ■ G.' ' 

H 

H 

H 

H 

H 

H 

PI 

G 

II 

II 

H 

PI 

H. 


Table I (contd.). 

Western Downs (mainly wooded) 


20 ° 


II 

H 

PI 

H 

PI 

Th 

Thor PI 
PI 
PI 
H 
PI 
PI 


Lf. 0. 

— 1. 

f. o. 

a. f.-a. 

0 . 1 . 


l.v.a. 

1. r.-o. 


0 . o.-f. 
0 . — 


... .. A 

W. E. S. 

10° 10- 22° 

s. 

. N. 

.... w.. 

W.N.W: 

. N. 
18- 

N. 

22- 

N.W. 

32- 

. 'N. 

15° 

. N. 

27° ; 

, N. 

27° , 

• S.E. 

5° 

12° 

5 6 7 

8 

9 

10 

11 

32° 

12 

32° 

13 

37° 

14 

15 

16 

17 

18 

o.-f. 0 . 

— 

0. 


0. 

0. 

G. 


0. 

o. 


' 

1. ™ o.-f. 
0. 0. L- 

v.a. 

0. 

f. 

f.-a. 

1. 

Lf. 

0. 



1. 

o.-f. 

f.-a. 


La. 

v.a. 










— 


' 

1. 



La. L — 

— 

L 

o.,L 

' 

1. 


' „ 

1. 

— 


0. 

o.-f. f.-a. o.-f. 

o.-f. 

z 

f. 

l.f. 

. 

L 

0. 

f. 

o.-f. 

0. 

0. 

f. 

. 

__ 

— 

— 

, — 

. ___ 

— 

— r- 

■ — 

— 

* 

f. 

Q 



0. 

0. 

, — 

0. 

0. 

— 

G. 

■ — 

— 

f. f.-a. v.a. 

f. 

o.-f. 

o.-f. 

f. 

a. 

f. 

0. 

, G. 

f. 

. 0. 

, o. 




— 

, — 

. — 

0. 

0. 

— 

— 

0. 

■ — ' 

__ 

_ 



— 

— 

— 

— 

■ — 

— 

— 

— 

—* 

^ __ 

f. o.-a. f.-a. 

0. 

f. 

0. 

f. 

f. 

f. 

•— 

o.-f. 

f,-a. 

. 0. 

f. 



— 

— 

— 

— 

— 

— 

— 

■ — 


■ — 

— 

1 __ 



— 

— 

. — 

— 

— 

■ — ' 

— 

— 

— 

— 

f.-a. f. f.-a. 

a. 

f. 

f. 

a. 

0. 

f. 

il. 

f. 

a. 

a. 

a.. 


— 

0. 

— 

— 

— 

. — 

— 

— 

0. 

" “ 


0. O.-f. — 

0. 

— 

— 

— 

f. 

0. 

0. 



— 

a. 


— 

— 

— 

— 

. — 

— 

• — 

■ — 

■ — 

— 

• 

~ f.,l.d. — 

— 

— 

— 


— 

■ — 

— 

— 

. — 

' — 

— 

— - r. 0 . 

, . — ' 

— 

— 

— - 

— 

— 

— 

— 

■ — *, 


— 

— 0. 

__ 

— 

— 

— 


— 

— 

— 

— 

- — 





— 

— 

__ 

— ‘ 

— 

— 

— 

— • 

— . 

" — 

L 1. 0. 

■ 

— 

— 


— 

— , 



— 

— 

1, 
f . 

0. 0. — 

' 

0. 

0. 

0. 


— 

' — 


0. 

f. 

r. 0. 0 ., Lf. 

• 0. 

— 

— 

0. 

!•- 

„ — 

0. 


0. 

, 

f. 0. 0. 

' — . 

— 

o. 

0. 

O. 

0. 

f. 


0. 

f. 

r. 

0. 

f.-a 

v.a. f. f. 

0. 

f. 

f. 

f. 

a. 

f. 

f. 

f. 

a.. 

a. 

a. 

o.-f. o.-f. o.-f. 

0. 

1, 

0. 

0. 

0. 

0. 

* !'• 

— 

, — , 

0. 

1 

— — 

— ■ 

; 

1. 

— 

— 

— ■■ 

0. 

— 

■ — 

1. 

1. 

f . f . 







0. 

. — 

, — 

. — 

G. 

f. 

— . 

■’ — 


— 

: — 

— 

— 


— 

— 

•— 

— 

— , 

Lf. 

~ r. 1. 

. __ 


— 

. — 

■ — 

, — 

— 

f. . 


— 

— 

■ , 

. 

. . — 

— 

— ■ 

. — 

— 

— 

. 

■ - — 

• — ' 

La. 

l.a. 

0 .- La. v.a. 

■ 

1. 

a. 

a. 

a. 

f.-a. 

0.™ 

a. 

v.a.- 

f. 

l.v.a. 

o.-f. f.-a. 0 ., 1. 


_ 



0. 

0. 



Lf. 

0. 

; — 

e.d. 

Lf. 

1. 

f. 

0. — 

1. 

0. 

0. 

0. 

f. 

0. 

0. 

f. 

f. 


■ — 

. — 

— 

— 

— 

— 

• — 

r. 

— 

— , 


— 

a. o.-f. f. 

0. 

— 

— 

0, 

__ 

' — 

0. 


a. 

— 

G. 


— 


— 

— 

— 

, — , 

— - < 

— 

— 

— 



■ __ ■ 

; ■ ' 

— 


— 

. — 

— 


'■ — 

... 

G. 

— 

o.-l.a. — 

' — 

z 

■„ 

' — 

■ '' 


0. 


O.-f. 

r. 



r.-o. — - — 



— 

— 

■ — 

. — ■■ 


■ — 



, — 

'■ — 

f. 

0 . f.-l.a. — 

0. 


f. 

f. 

f. 

f. 

f. 

G. 

o. 

f. 



■ — 

— , 

, — 

o.-f. 

— 





— 


~ — 

— 


■ — 

; 


— 


•.'* — ■ 

— • ■ 

. _ 

" ■ 

0. 0. 

- _ 

f. 


■' 


r. 

r. 

0. 




. -T'. 





— 

— 

, , 

0. 

■ — 


— 

■; ' 


■: 

■ , — 


, , 


■■■ — 

"■ 

— 

: 


— — 

— 

, , 

„ — ^ 


■ ■ ' 

' ■ — 

r. 

z 

z 

— 

__ 

■ ■■ — 0, , 

■■ 



— 


— 

— 

— . 

.0. 


, 


0. 



— 





— 

— 

r. 

. 


— 

•— 

— 


— 

— 

— 





1. o.-Lf. o-a. 

. f,-a. 

, f. 

0. 

a. 

f. 

0. 

o. 

f. 

a. 

0. 

a. 




A. G. Tanslby and B. S. Adamson 
Table I {contd.). 


Eastern Downs 


East-central Downs 
(Kiver Adur to Biver Ouse) 


Mount Cabum group 
east of luewes 


Maritime region 
extreme east 



NT- 

N. 

N. 

N. 

N. 

N.N.W 

. S.S.E. N. 

N. 

— ^ 

N. 

' 15- 

30- 

30- 

32- 

37- 

22- 

30° 

30° 35- 

30° 

30° 

25° 

32° 

35° 

37° 

40° 

24° 


37° 



19 

20 

21 

22 

23 

24 

25 

26 27 

28 

29 

_ 





0, 

0. 

0, 

— 

_ — 

— 

— 









— 

— — 

— . 

— - 







. 

— 


__ 

f.,Ld. — 

— 

— 

— 

__ 


0. 

a. 

La. 

— 

a. — 

— 


Ld. 


__ 

_ 

— 


0. 

a.-d. — 



0. 

La. 

0. 

— 

1. 

1. 

— 

— La. 

Of* 


. — 

■ — ■ 



— 

1. 

— 

— 

— 1. 




: 

; 

— 

— 

— 

— 

— — 



f.-a. 

f.-a. 

0. 

a. 

1. 

f. 

0. 

— l.a. 

0. 





__ 

— 

— 

— 

— 

— — 

— 

, _ 








— 

0. 

— , 

■ — — 

— 

— 

0. 

0. 

1. 

f. 

a. 

f. 

__ 

a. — 

La, 

— 



— 



0. 

— 

— 

— 

— 







— 

— , 

— 

— 

— 

— — 

— 

— 

o.-f. 

f. 

1. 

f. 

f. 

f. 

o.-l.a. 

. f.-a. 0 . 

— 

f.-a. 

— 

— 

r. 

— • 

1 

1 

— 

1 

1 

z 


f. 

f. 

0. 

0. 

a. 

o.-f. 

0. 

— 0. 

— 

a. 

f. 

— 

0. 

— 

— 

0. 

— 

— — 

— 




f. 

— 

f. 

— 

0. 

— 

— — 

’ — 

f. 

— 

— 

— 

— 

— 

— 

— 

— 0., 1. 


1. 

■Z 

z 

. 







— 

r.-o. — 


— 

— 



— 

— . 

— 

0. 

— 

■ ; 

— 

r. 

r. 



— . 

— 

— 

— 

— 



— 

— 


— 



— 

— 


— 



— 

— 






— 

— 

— 

— 



— 

— 

a. 

f. 

0. 

f. 

a. 

f. 

o.-f. 

0. — 

— 

r. 

r. 


— 

— 

— 

— 

— 

— — 



f. 

a. 

0. 

a. 

f. 

o.-f. 

. f. 

o.-f. a. 

a. 

0. 

f. 

a. 

f. 

f. 

0. 

f. 

0. 

f. a. 

a. 

f.-a. 

Lf. 

— 

— 

0. 

— 

0. 

— 

r.-o. — 

0. 

— 

0. 

• — 

v.a. 

— 

- — 

— 

— 

— — 

0. 


Lf. 

— 

0. 

— 

— 

o.,L 

0. 

1 

1 

d 

— 

0. 



— 

— 

— 

— 

— ^ 

— 

— — 

— 

— 



— 

— 

— 

— 

— 

— 

— — 

— 

— 

— . . 



— 

— 

— 

— 

— 

— — 

— 

— 

v.a.- 

a. 

v.a. 

f. 

f. 

a. 

a.- 

a. Lv.a. 

a. 

a. 

c.d. 






Ld. 




o.-l.a 

. 0. 

0, 

— 

— 

— 

0. 

— 0., 1. 

0. 

1. 

0. 

f. 

— 

f. 

f. 

f. 

— 

— , — ' 

a. 

f. 







— 


, — 

— 

— — 

— , 

— 

0. 

— 

0. 

0. 

— 

— 

0. 

r. Lf. 

— 

f.-a. 

; —u' 

— 

— 

— 

— 

— 

— 

— . 

— 

— 


■“ 


_ 

Lf. 

— 

— 

— — 



0. 

0. 

0. 

— , 


0. 

0. 

— Lf. 

0. 

Lf. 




1. 

' — 

— 

0. 

f. 

— — 

— 

— 

0, 

a. 

0. 

a. 

f. 

a. 

0. 

— La. 

La. 

f. 

L 

0. 

. — 

— 

o.-f. 

— 

— 

— ■ La. 

0, 

0. 

O.-f. 




— 

— 

0., 1. 

__ , — , 

__ 

0. 

0. 

__ 


r. 


— 

— 


0. 

— 




— 


— 

. — ■ 

— — . 

— 

' — 



0. 


■ — ■, 

— 

— 

— ' r. 

0. 

0. 





. — . 

__ 

— 

— — 

— 





, . 


■ — 

.. 

— — 

— 

— 




__ 


— 

— 

— — 

• — 

— 

r. 


— 

; 

. r.'' 


— 

_» r. 

— 

— 




■ 

— 


— 

— , ^ — 

— 


0. 

a. 

_ ■ 

a. 

a. 

f. 

0. 

f. 1. . 

1. 

f. 


— f.-l.a. — f. 


f. l.a. 
1 . — 


o.~f. a. f. 


f.-a. f.-a. o. a. 


-- l.l — 

La. — La. 
0 ., 1 . - - 


f.-a. — o. 0 . v.a. 

Lf. — f. — — 


Flat 

r— 

s. 

N. 

N. 

S.E. 

Fiat 

33 

10- 

15° 

34 

30° 

35 

30- 

32° 

36 

20- 

24° 

37 

38 

— 

— 

0. 

— 

~ 

— 

— 

— , 

• — 

— 

— 

■ — 

a. 

f. 

La. 

1. 

La. 

v.a. 

■ 

La. 

1. 

1. 

La. 


— 

1. 

o.,La 

. — 

— 

— 

— 

— 

— 

Lf. 

— 

— 

o.-f. 

— 

f. 

Lf. 

f. 

f. 

— 

— 

— 

r. 

z 



— 

— 

a. 

f.-I.a. 

f. 

f. 

— 

— 

— 

— 

— 

— 

v.a. 

v.a. 

f. 

f. 

f. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— - 

— 

f. 

__ 

f. 

0. 

a. 

a. 

— 

— 

— 

— 

— 

— 

— 

— 

0. 

0. 

0. 

— 

— 

— 

— 

Lf. 

— 

— 

— 

— 

— 

1. 

La. 

— 

— 

0. 

f. 

— 

— 

— 

— 

— 

^ — 

— 

— 

— 



— 

— 

— 

— 

— 

— 

— 

— 

1. 

0. 



o. 

— 

f. 

i. 

0. 

0. 

— 

— 

. — 

— 

— 

— 

f.-a. 

— 

f. 

a. 

f. 

0. 

f.-a. 

f. 

f. 

f. 

a. 

a. 

o. 

— 

0. 

0. 

0. 

0. 

— 

— 

0. 

0. 

— 

— 

r. 

0. 

— 

— . 

r. 


— 

— 



z 

z 

— 



— . 

— 

— 

— 

— 

v.a. 

v.a. 

f. 

La. 

a. 

v.a. 



0., 1. 

, r. 

1. 

— 

f. 

— 

. — 

f. 

0. 

o. 

— 

— 

— 

— 

— 

— 

v.a. 

a. 

0. 

— 

— 

““ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

r. 

— 

— 

— 

0., 1. 

0. 

— 

1 1 1 

0. 

0. 

f. 

f. 

o. 

0. 

— 

— 

f. 

0. 

— 

— 

— , 

— 

— 

— 

— 


0., 1. 

^ 

r. 

— 

0. 


— 

— 

— 

— 

— 

— 

— 

z 

— 

La. 

0. 

— 

— 

^ — 

— 

— 

— 

— 

r.-o. 

— 

— 

— 

* — 

— 

1 1 

— 


— 

o. 


f. 

o.-f. 

f. 

l.a. 

1. 

v.a. 


Occurrences 


16 40 

1 . : 2 


0. 1. f. 


15 S'7 
2 5 


f. f. L La. f. o.-f, f. La. 1. v.a. t. a. o. w 

, 2 — 


20 


Studies of the Vegetation of the English Ghalh 


Extreme W. 


Table I (contd.). 

Western Downs (mainly wooded) 
(Cocking gap to River Arun) 
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— 19*8 

— . 

— 17*4 

5*8 8*8 

:;'-^:':' 27 * 6 -' 58 * 2 '^ 

— 35*3 

.. — 

— 31*0 

0*77 0*76 

— 0*62 0*51 

— 0*51 

_ 

— 0*34 

0*35 0*49 

— 0*33 0*28 

0*29 


— 0*20 


t § I , 

0-4" 0-4" 0-2" C 
■7'6 7*6 7*6 
4*3 7*3 10-0 
* 29*3 23*5 47*4 i 
■ 25*8 20*7 17*5 5 

- 46*1 37*0 31*3 

. 0*4 0*42 0*45 

- 0*26 0*29 0-25 


Soil from mole heap dominated by Festiica rubra and 
t 1921, 


t Soil from mole heap with Festiica Tubra. 
§ 1923. 


WmM 


34 

26 

57. 

59 

50 2 

;4 29 

23 

31 

■i 

0-4" 

0-3" 

(p.4'' 


0-2" - 

- 0-4" 

0-6" 

0-4" 

j:'',;;™ 

7*0 

7*6 

7*4 


0*4 - 

~ 7*0 

7*6 

8*2 ' 

'j 

13*0 

9*1 

3*7 

— 

5*3 

- 6*0 

8*0 

0*2 

|: ' Jpfj 

39*8 

32*7 

11*6 


24*6" - 

- 22*() 

22*7 

16*4. 

pt'l'i 

■ 7*5 

9*3 

37*9 

^ — 

20*0 - 

- 26*7 

17*1 

4*0 


13*4 

16*6 

67*8 



35*7 - 

^ 47*0 

30*5 

7*2 


0*50 

i 0*41 

,0*44 



0*35 - 

- 0*32 

0*35 

0*68 ' 

te'v| 

0*27 

0*37 

0*23 


0*42 - 

- 0*29 

0*46 

0*61 
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Table II- 

Chalk Heaths 
^ — 


Heaths 


Achillea millefolium f. f*— a. _1 _1 — — 

Agrimonia eupatorium • ^ i f. 

Agrostis alba “ o. v.a.~-cl. f.— La. o.—f. L 

A. tenuis — — 

Aira praecox ^ ___ . I a. o. — 

Anthoxanthum odoratum * — — 

Antiiyllis vuineraria — im. J, — — 

Arenaria serpyilifolia * I* — __ 

Asperula cynanohioa o. ^ o* f* -1 __ — — 

Avena pratensis i ‘ _1 — — — 

A. piibescens^ j a. — — 

Beilis perennis ^ m- • __1 p pd. ^ Ld. 

Brachypodium pinnatum — y • * 1. 

B. silvaticum L • f f. — 

Briza media ' -1 — — — 

Bromus erectus i* ^ — 

B. mollis ^ y y a o f. i La. La. 

Calluna vulgaris o. y * o. — 

Campanula glomerata 7“ f f L f. 

C. rotundifolia L / f* o. — o. 

Carex oaryophyllea a. a. • • Q _lp La. r. 

C. flacca ___ y _1 La. o. 

0. pilulifera ~~~ _ — 

Carlina vulgaris — _ — o. 

Centaurea nigra — ■ ■ '''21.' ■ o' f. — — 

Cerastiuin vuigatum ^ — v £ f __a. La. — 

Cirsium acaule j.] __ o. L 

C. arvense ■ ■ . ' ■ : ■' ' _ " . ' — ' — ' 

0. lanceolatum^ ^ ^ ^ ^ _ J- o. o. 

0. palustre r. — 

Clinopodiumvulgare^^ — 

Orepisvirens I* f v.a. o. — — 

Cynosurus cristatus — 1* -L.* f* o. — 

Dactyiis glomerata — — i.— a. i. £ ^ 

Daucus carota ' ' .■ ... ^ —1 '■ 1 o' ' -A 

Deschampsia caespitosa — ^ _1 o' a.“~d. d. 

Erica cinerea __ £* q — 

Euphrasia nemorosa o. o. o. ^ ^ 

Festuoaovina a. v.a.— d. a. a. v^. a. ^ 

Filipendula hexapetala y __ _1 Lf. — 

Eragaria vesca L „1 ___ — 

Galium moUugo IZf ” — — — — o. 

G. saxatile y i' i f — o f. — 

G. verum f- L „ Z ^ — 

Gentiana amarella o, ^ — 

Helianthemum vulgare T i * la 1* — 

Hieracium pilosella a. 1 Lya. t. y* __ _1 _ 

.Hippocrepis comosa y y ^ j _ 

Holcus lanatus L i. i- y ^ 

Hypericum perforatum 

H. pulchrum — y o.— f. J*. 

Hypoohaeris radicata — ‘ 

Inula s(iuarrosa — — 

Koeleria gracilis y y ]' ^ f o. — 

Leontodon autumnahs i. t. o. i. o. . ^ 

L. hispidus , f. f. . o. U. — — ^ _ 

Linaria vulgaris I _ _ 

Linum catharticum 1 o. a. a. « « f 

5 " __1 — 1 

Luzula campestris o. f. — y o* _ 

Medicago lupulina y y 

Origanum vulgare — — L 

Bhleum pratense o. L 

Phyteuma orbioulare — — o. o. i. ^ 

PimpineUa saxifraga — — o. o. o. f J_ 

Plantago lanceolata f. — a. a. a. a. a. . • 

* This area is not a chalk heath but is situated on the plateau adjacey to yalk heaths and 
is included for comparison. Possibly it has been recently ploughed: see the soil analysis. 
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Table II (eontd.). 


Hantago media 
Poa pratensis 
Polygala vulgai'is 
Potentiila anserina 
P. erecta 
P. reptans 

Poterium sanguisorba 
Prunella vulgaris 
Itanunculus bulbosus 
Rumex acetosa 
Hcabiosa arvensis 
IS. columbaria 

S. succisa 
Seneeio jacobaea 
Sieglingia decumbeiis 
Silene cucubalus 

Stachys (Betoiiica) officinalis 
Taraxacum erythrospermum 

T. officinale 
Teucrium seorodonia 
Thymus serpyllum 
Trifolium pratense 
T. procumbens 

T. repens 

Trisetum flavescens 
Ulex nanus (minor) 

Valeriana officinalis 
Vei’bena officinalis 
Veronica chamaedrys 
V. officinalis 
Viola hirta 
V. riviniana 

Mosses 

Barbula cylindrica 
Brachythecium purum 
B. rutabulum 
Bryum capillare 
Camptothecium lutescens 
Catharinea undulata 
Geratodon purpureus 
Dicranum scoparium 
Hylocomium spiendens 
H. squarrosum 
H. triquetrum 


l.a. 

t — a. 1. 

o. — 


H. cupressiforme var. ericetorum 

_ 

La. 

— . 


_ 


— 

a. 

La. 

H. cuspidatum 

— 

0. 

■■ — . 

- 

- ^ 

0, 

0. 

— , 

— 

Polytrichum Juniperinum 

— ^ 

— 

— 

- 

- 

— 

— 

La. 

— 

Thuidium tamariscinum 

— 

— 

— 

- 

- 

— 

— 

f. 

— 

Lichens 










Oladonia fimbriata 

l.f. 

L 

f. 

_ 

- 

— 

f. 

0. 

— 

C. silvatica 

l.a. 

. 

. ^ 


- - 

— . 

■ , — 

f. 

— 

Oladonia sp. 

La. 


__ 

- 


— 

— 

— 

_ 

Peltigera sp. 

■ — 

— 

; — 

_ 

“ 



0, 

, — 

Total species 118 

45 

50 

53 

5 

3 

44 

40 

57 

32 

801ES 




'■ 

< 





Depth of sample 

0-4'' 

_ 

0-4' 

' 0-2' 

' 0-4" 

— 

0—0" 

0-1" 

0-8" 

pH .:■■■/ 

6-9 

, — 

7*4 

0*0 

0*5 

— - 

6-9 

5-8 

4-G 

Water loss of air dry soil at 100° C. 

7-2 


3-9 

9-0 

7*7 

: 

3*8 

, 5'2 

3*0 

Loss on ignition (mainly organic) 

26-8 


lG-1 

41*7 

24-0 

■ — 

17-7 

19-5 

i2*G 

CaO 

0-97 

„ ■ 

0*0 

2-0 

1*2 

__ 

0-53 

0-62 

0-51 

As CaCOg 

1*74 

'■ 

10*0 

3*6 

2*1 

.. — ■ 

0-95 

Ml 

0-92 

MgO 

0*21 

' — : 

0'60 

0-62 

0-47 


0-28 

0-38 

0-39 

K^O 

0-26 


0-21 

0-28 

0-25 

— 

0*26 

0-28 

0*33 


* This area is not a chalk heath but is situated on the plateau adjacent to chalk heaths ; 
is included for comparison. Possibly it has been recently ploughed: see the soil analysis. 




■Range 

6-0-6-9 


Loss on ignition 


Range 

4-6~5-8 


Range Average 

12-6-19-5 5-2 


Average Range Average 
2 Iieath soils 0*56 0*51-0*62 16*05 

The two soils examined from heath developed over the chalk were both 
light brown dry friable loams with a lower mean loss on ignition than the 
other soils. The average calcium content is lower than in the chalk heath soils 
and the pH value very markedly lower. 

5. SOCIOLOGICAL CONSTITUTION OF CHALK GRASSLAND 

In attempting to analyse the status and role of the 151 species listed in 
Table I w^e may take first the species which occur in 80 to 100 per cent, of 
the areas examined, i.e. those which possess the highest degree (5) of constancy 
in the terminology of the Zurich-Montpellier schooH^ and next those with 
constancy 4 (60 to 80 per cent, of the areas)— Table III. These two categories 
contain the kernel of the association, though they do not exhaust the 
^“^characteristic’’ species, some of which are comparatively or even very rare. 

The first column of figures gives the percentage occurrence” of each 
species, i.e. the percentage of the whole number of areas listed in which it 
occurs, the second the average abundance” of the species in the areas 
where it occurs. The “average abundance” figures have been arrived at by 
translating the frequency letters used in Table I into numbers, thus: v.a. or 
d. = 5, a. = 4, f, = 3, o, = 2, r. = 1 : 1. has been taken as 2, and where 1. is 
prefixed to another symbol the next lower number is taken, thus La. =-■ 3: 
where a range is indicated in the record the mean figure is taken, thus o.— f. 
= 2*6, o. — a. = 3. The sum of the numbers so obtained for each species is 
then divided by the number of areas in which the species occurs, and the 
number thus arrived at is entered to the nearest first decimal place for each 
species. It is doubtful if the very rough subjective estimates of abundance 

1 Brami->Blanquet and Pavillard, Vocabvlaire de Sociologie Veg4tdle, Montpellier, 1922 
See notice in This Joujrnal, 10, 1922, p. 245. 
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represented by the frequency letters can properly bear even this small amount 
of aritbmetical treatment, but it is a great convenience to be able to use 
numbers, so tbe experiment has been made. It is clear that tbe treatment 
often masks some of the facts set out in Table I — not only tbe actual ranges 
of abundance, but also tbe special character of tbe mode of occurrence of 
certain species, e.g. Bromus erectus, wbicb is nearly always recorded as generally 
‘^dominant,’’ ''locally dominant,’’ or "local,” whereas its "average abun- 
dance” arrived at by tbe plan described is 3, i.e. equivalent to "frequent.” 
For indications of the actual modes of occurrence of tbe different species 
reference must be made to Table I. In the Voeabulaire provision is made for 
recording tbe kind of (static) distribution (Vertbeilungsart) of tbe species and 
the extent of ground covered (Deckungsgrad, Arealprozent). These have not 
been studied in detail by any quantitative method, but tbe letter 1. obviously 
refers to tbe former, and d. to tbe latter, though of course they are only 
qualitative characterisations. The figures in tbe third column ("exclusive- 
ness’’) will be referred to later (p. 28). 


Table III 


Species of constancy 4 


Species of constancy 5 


Xiifc- Ph o 

form Species (19) ® 

H AcMilea millefolium 76 

H Asperula cynanchica 76 

H Hieracium piloseila 76 

H Plautago media 74 

H Dactylis glomerata 72 

H Anthoxanthum odorafcum 70 

H Phyteuma orbiculare 70 

H Avena pubescens 70 

H Trisetum flavescens 70 

H Campanula rotundifolia 67 

H Centaurea nigra 67 

H Dellis perennis 65 

li Galium verum 65 

H Prunella vulgaris 65 

H Ranunculus bulbosus 65 

H Bromus erectus 62 

Th Euphrasia nemorosa 60 

H Primula veris 60 

Hylocomium sc[uarrosum 60 


Life- . , 

form Species (16) 

G Carex flacca 
H Piantago lanceolata 
H Oirsium acaule 
Oh Thymus serpylium 
H Avena pratensis 
H Briza media 
H Pestuca ovina 
H Poterium sanguisorba 
Th Linum catharticum 
H Lotus corniculatus 
H Scabiosa columbaria 
PI Trifolium pratense 
H Koeleria gracilis 
H Pimpineiia saxifraga 
Brachythecium purum 
H Leontodon hispidus 


Average abundance of species Average abundance of species 

of constancy 5 3*2 of constancy 4 2*7 

It is noticeable that there is good correlation between the constancy and 
the average abundance (5 and 3*2, 4 and 2*7) of the species of greatest con- 
stancy included in these two lists, which means of course that the species 
occurring in most areas are also on the average most abundant in each area. 
The species of constancy 5 certainly form in most areas the bulk of the herbage: 
Fesiuca ovina in the first place, then, very commonly, Poterium sanguisorba, 
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which is often abundantly mixed in the turf throughout the sample. Brmhj- 
theciutn pufum often forms an almost continuous lower layer only appearing 
conspicuously on the surface when the turf is very short. Of the other dico y- 
ledonous herbs Lotus and Thymus bulk largest of the most ubiquitous and 
abundant species, Plantago lameolata, Cirsmm amide &,n6. Leonlodon hispidus 
with their different habit of growth probably come next, with Carexflacca, and 
then the grasses Avena pratensis and Briza media. These are impressions, given 

in default of quantitative analyses of the herbage. 

Of the species of constancy d, Oalium verum is important locally, sometimes 
almost rising to co-dominance. The grasses, both those which are specially 
characteristic of chalk {Avena pubescens and Tfisetum) and those which are 
ubiquitous on most soils, like Bactylis and Arilhoxanthum, are more local than 
those in the first list, but sometimes they rise to great abundance and even 
to dominance. Bromus erectus is in a special position. It is very local in the 
west of the region surveyed, being absent from the majority of the areas, but 
in the east it is frequently dominant over considerable areas. 


Table IV. 


Species of constancy 3 


vSpecies of constancy 2 



.bife- 

* ■ . 

Fer cent 
>ccurreiic 


form 

Species (16) 




Hylocomiuin triciuotrum 

56 

54 

3*7 

H 

Agrostis alba 

3*0 

H 

Carlina vulgaris 

54 

2-0 

H 

Polygala vulgaris 

54 

2*1 

2-3 

G 

Carex caryopliyilea 

52 

Th 

Medicago lupulina 

50 

2*4 

H 

Holcus laiiatus 

47 

2-3 

H 

Viola hirta 

47 

2*0 

Ch 

Cerastium vulgatum 

45 

2-0 
. 2-2 

H 

Galium ercetum 

45 

(1h 

Veronica chamaedrys 

45 

.2*2. 

H 

Rumex acetosa 

42 

2-0 

3-3 


Camptothecium lutescens 

42 


Bicranum scoparium 

42 

2‘9 

Th 

Gentiana amarolla 

40 

2-0 


Hylocomium spicndens 

40 

3*6 


Average abundance of species 
of constancy 3 


:orm Species (19) 

H Cynosurus cristatus 
H Daucus carota 
H Senecio jacobaea 
H Hippocrepis ooinosa 
H Trifolium repens 

Hypnum cuspidatuni 
H Deschampsia caespitosa 
H PMeum pratense 
H Succisa pratensis 
H Filipendula liexax>etala 
H Antbyllis vulneraria 
H Leontodon autumnalis 
G Cirsium arvense 
H Poa pratensis 
H Viola riviniana 
Eissidens taxifolius 
H Arrhenatherum elatius 
H Bracliyxiodium x)imiatum 
H Eestuca rubra 

Average abundance of sj^ecios 
of constancy 2 


The species in Table IV again show a good correlation between constancy 
and average abundance (3 and 2-5, 2 and 2-3). It is noticeable that the only 
species of constancy 3 which exceed an average abundance of 3 are the three 
mosses Hylocondum triquetrum (a.a. 3*7), H. sflendem (a.a. 3*6) and Campto- 
thecium lutescens (a.a. 3*3). Of these the first two are abundant or very abundant 
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oa steep nortitem exposures but not elsewbere. The last is locally very abun- 
dant on soils very chalky to the surface. 

Hipfocrepis comosa is the only species of constancy 2 which shows an 
average abundance of as much as 3. This is owing to its local abundance, 
rising to local dominance, forming large clans or societies, in many areas of 
the eastern half of the region. In the west it is only occasionally met with. 
Feskica rubra, occurring in only 20 per cent, of the areas examined, has an 
average abundance of 2*9. This again is owing to its local abundance, especially 
on loose friable soils showing a high pH value (see areas 24 and 41). Filipendula 
liexapetala (a.a. 2-7) also is locally abundant, especially in the east. 

All these species, of relatively low constancy and relatively high frequency 
where they occur, are in one sense or another ''characteristic” of the chalk 
grasslands of the Sussex Downs. 


Table V. Species (SI) of constancy 1; i.c. occurring in less than 20 per cent, 
of the areas {arranged in order of average abundance). 




Per cent. Average Exclu- 


Per cent. Average Exclu- 

Life- 


occur- 

abun- 

sive- 

Life- 


occur- 

abun- 

sive 

form 

Species 

rences 

dance 

ness 

form 

Species 

rences 

dance 

ness 

H 

Agrostis tenuis 

12 

3-0 

1 


Barbula cylindrica 

2 

2*0 

1 

H 

Restuea elatior 

10 

3*0 

1 


Eissidens adiantoides 

2 

2*0 

1 

H 

Potentilla reptans 

2 

3-0 

1 


Hypnum chrysophyllum 

2 

2*0 

3 


Hypnum moliuscum 

15 

2-9 

3 


Mnium undulatum 

2 

2*0 

1 


Neckera crispa 

15 

2-9 

3 


Rhacomitrium lanuginosum 

2 

2*0 

1 


FruUania tamarisci 

7 

2-8 

1 


Thuidium tamariseinum 

5 

2*0 

2 

H 

Senecio campestris 

12 

2*7 

5 


Collema sp. 

2 

2*0 

1 


Gladonia silvatica 

7 

2*7 

2 


Peitigera sp. 

2 

2*0 

1 

Oh 

Helianthemum vulgare 

15 

2*6 

3 

G 

Oplirys apifera 

15 

1*9 

4 


Thuidium abietinum 

5 

2*5 

3 

H 

Taraxacum erythrospermum 

10 

1*9 

2 


Scapania nemorosa 

5 

2*5 

1 

Oh 

Veronica officinalis 

17 

1*9 

1 


Gladonia fimbriata 

10 

2*5 

2 

H 

Brachypodium silvaticum 

12 

1*8 

1 

H 

Ononis repens 

17 

2*4 

2 

Th 

Myosotis arvensis 

15 

1*8 

2 


Hypnum cupressiforme 

15 

2*3 

3 

H 

Arabis hirsuta 

10 

1*7 

^ . 2 


mr. elatum 




H 

Glinopodium vulgare 

7 

1*7 

2 

H 

Luzula campestris 

15 

2*2 

2 

H 

Galium moUugo 

7 

1*7 

1 

H 

Leucanthemum vulgare 

17 

2*1 

2 

G 

Orchis maculata (type) 

7 

1*7 

3 

H 

Scabiosa arvensis 

12 

2*1 

2 

Th 

Rhinathus crista-galli 

10 

1*7 

2 

Th 

Arenaria serpyllifolia 

, 5 

2*0 

2 

H 

Spiranthes autumnaiis 

7 

1*7 

2 

Th 

Blackstonia perfoliata 

2 

2*0 

2 

H 

Agrimonia eu|)atorium 

7 

1*5 

2 

Th 

Bromus mollis ^ 

2 

2*0 

1 

Th 

Bartsia odontites 

5 

1*5 

1 

Gh 

Galluna vulgaris 

2 

2*0 

1 

H 

Caiicalis authnscus 

5 

1*5 

1 

H 

Campanula glomerata 

12 

2*0 

4 

H 

Cynoglossum officinale 

■' 5. '■ 

1*5 

1 

H 

Centaurea scabiosa 

5 

2*0 

3 

Th 

Erythraea centaurium 

5 ■ 

1-5 

2 

H 

Cirsium palustre 

5 

2*0 

2 

H 

Eragaria vesca 

5 

1*5 

1 

Th 

Grepis virens 

10 

2-0 

2 

TiuHLinum angustifolium 

2 

1*5 

2 

H 

Echium vulgare 

'2 

2*0 

1 

G 

Orchis pyramidalis 

5 

1*5 

4 

G 

Gymnadenia conopsea 

7 

2*0 

3 

H 

Ranunculus repens 

5 

1*5 

1 

H 

Hypericum perforatum 

10 

2*0 

2 

H 

Girsium ianeeolatum 

17 ' 

,1*4: 

2 

H 

Hypochaeris radicata 

2 

2*0 

1 

H 

Taraxacum officinale 

17 

.. ; 1*4 

1 

H 

Lolium perenne 

, 5 

2*0 

2 

H 

Tragopogon minus 

12 

1*4 

2 

H 

Origanum vulgare 

15 

2*0 

3 

H 

Vicia cracca 

12. 

1*4 

1 

H 

Potentilla anserina 

. 2 ' 

2*0 

1 

H 

Picris hieracioides 

10 

1*2 

' 2 

H 

Potentilla erecta 

7 

2*0 

1 

G 

Aceras anthropophora 

2 " 

1*0 

5 

Th.H -Reseda iutea 

2 

2*0 

1 

H 

Antliriscus silvestris 

5. 

1*0 

1 

H 

Sieglingia decumbens 

. 5 

2*0 

1 

G 

Habenaria viridis 

2 

1*0 

2 

Th 

Sonchus oleraceus 

15 

2*0 

1 

H 

Lathyrus pratensis 

2 

1*0 

1 

G 

Thesium linophyllum 

7 

2*0 

5 

G 

Listera ovata 

5 ' : 

1*0 

■2 

Th 

Trifolium procumbens 

' 2"' 

2*0 

2 

H 

Ranunculus acer 

■ 2.' 

1*0 

1 

G 

TussUago farfara 

2 

2*0 

1 

G 

Tamus communis 

■2 

1*0 

1 

H 

Verbena officinalis 

2 

2*0 

1 


Seligeriarualcarea 

■2" ■ 

1-0 

1 
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The species of constancy 1, i.e. those which occur in less than 20 per cent, 
of the areas listed, number no less than 81 species (64 flowering plants and 17 
mosses, liverworts and lichens) or more than half the whole number. Many 
are casual invaders of the communityi others are ubiquitous occasional 
constituents of grassland, but a few are confined to, or are mainly found in, 
chalk grassland or at least on soils rich in lime. In this last category we have 
the orchids Ac&as anthrofOfTiora and OfJirys apifera, with Gymnadema 
conopsea, Orchis macidata (type) and 0. pyraniidalis; Blackstonia pefoliuta 
(also on clays), Campanula ghjnerata, Centaurea scabiosa, Helianthemum 
■vulgare. Reseda lutea, Seneaio campestris, Thesium Unophyllum, and the mosses 
Barbula cylindrica, Hypnum chrtjsophyllum, H. moUusciim, Seligeria calcaiea. 


Correlation of constancy 

Species of 
constancy 

5 ■ 

4 

3 

■ 2 ■ 

I 


and average ahundance. 

Average 

abundance 

3-2 

2-7 

2-5 

2-3 

1-9 



The average abundance of all the species of constancy 1 is 1-9, of the 
flowering plants alone 1-8, of the bryophytes and lichens alone 2'2. Of the 
species of constancy 1 with relatively high average abundance we may note 
Agrostis tenuis (a.a. 3) which usually becomes abundant where it occiu's on 
leached surface soils, Festuca ektior (a.a. 3), locally dominant on the deeper 
soils of steep northern slopes, PoUntilla reptans (a.a. 3), locally abundant 
as an invader on open soil; Senedo campestris (a.a. 2-7), frequent or abundant 
in several eastern areas where it occurs, and Helianthemum vulgare (a.a. 2-6) 
locally abundant or even dominant here and there on short rabbit-eaten turf. 
While the first three are not constituents of most chalk grassland, the last 
two, though local, are very rarely found outside it, the former being of very 
restricted, the latter of wide distribution in Creat firitain. 

Exclusiveness. The figui’es in the last column of Tables III, IV and V 
constitute an attempt to represent by numbers the degree to which the species 
are exclusive to the association. According to the practice of the modern 
Swiss plant-sociologists 1, the figure 5 siprifies “almost or quite confined to 
the association,” 4 = “found especially in the association, though also (more 
rarely) in others,” 3 — “preferring on the whole the community to 
though also more or less abundant in these,” 2 = “indifierent,” 1 = “alien 
to the community.” 

It is evident that a just characterisation of the exclusiveness of a species 
in a given community can only be arrived at on the basis of an exhaustive 

r Braim-Blanquot and PavxUard, VoccAvlaire, p. 7; also other recent writings of the 
Zurich school (e.g. Rwbel in This Joubkai,, 8, p. 18). 
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knowledge of tlie constitution of tke other communities in which it may occur, 
and such knowledge does not at present exist. Nevertheless it seems useful 
to make the attempt. One doubt which appears at the outset is the question 
whether the semi-natural grasslands of Great Britain developed on limestone 
formations (such as the carboniferous, oolitic and magnesian) other than the 
chalk should be reckoned with the chalk grasslands or not. They have so many 
species and other characters in common that this course might seem correct, 
but on the other hand a considerable number of the rarer characteristic chalk 
species are confined to the chalk itself, because the chalk is mainly a formation 
of the east and south-east of Great Britain, which is also a region of comparatively 
low rainfall, and thus the dry soil and calcicole continental species which just 
reach this country are often found upon it and do not extend beyond its 
area. The highest exclusiveness figure (5) has therefore been confined to those 
species which, so far as is known, never or very rarely occur in Great Britain 
except on the chalk. • 

Only 4 species, Phyteima orbimlare, Senecio caw>peHris, Aceras anthro- 
fofhom and Thesivm lino'phyllum, receive the highest figure 5^. It will be 
noted that while the first-named has a constancy coefficient of 4, occurring 
in 70 per cent, of the areas listed, the other three have a constancy figure of 
1 only, having been met with respectively in 12 per cent., 2 per cent, (one 
occurrence) and 7 per cent, of the areas. Phyteima orbiculare is confined to 
the chalk grassland of the southern counties, extending from Wiltshire and 
Dorset to East Kent, and the region dealt with in this paper coincides with 
that of its greatest frequency. Senecio camfestris not only extends from 
Dorset to Kent, but also northward along the chalk outcrop to Lincolnshire. 
It is said to occur also in Gloucestershire and Northamptonshire (doubtless 
in oolitic grassland) and has been recorded also from Anglesea. Nevertheless 
its extreme rarity off the chalk warrants an exclusiveness figure of 5. The 
species is also decidedly local on the chalk through most of its range, and the 
eastern Sussex Downs, included in this survey, are probably the region of its 
greatest frequency. Aceras anthrofofhora is more eastern in its distribution 
than the other two species, its centre being Kent and Surrey, and though it 
is recorded from several places off the chalk by far the greater number of 
plants undoubtedly occur in chalk grassland. Ttewm linophyllmn does not 
extend further north than Norfolk and except for two or three records in the 
west (Gloucester, Cornwall) it appears to be confined to chalk grassland. 

If the whole area of the English chalk grasslands were surveyed there 
would, of course, be a number of other species not appearing in our survey 
records to which the exclusiveness figure 5 would belong. These would probably 
be most numerous on the chalk of Kent and Cambridgeshire. 

^ Whether a given species should receive an exclusiveness figure of 5 or 4 depends upon 
how the words “almost exclusively” are interpreted: Aceras anithropophora for instance might 
be thought to deserve 4 only. ^ e.g. from sand hills in South Wales. 
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Of the eleven species receiving the exclusiveness figure 4, two have a 

constancy of 5, two of 4, four of 2, and three of 1. r i ii j 

Poterium sanguisorba is one of the most constant species of chalk and 
other limestone grassland from Perth and Forfar southwards and is far more 
abundant and widespread on these than on any other soils. Scabiosa columbaria, 
while not so abundant, has a very similar distribution. It is perhaps a question 
whether these two should have 3 rather than 4 as an exclusiveness figure ^ 

Asferula cijnanchica has a much more limited distribution, not reaching 
Scotland, and is much more abundant in chalk grassland than anywhere else, 
though it occurs on other limestones. Bromus erectus has a more restricted 
distribution still and is a characteristic local chalk dominant, but it gets off 
the chalk sufficiently to have 4 rather than 5 as an exclusiveness figure. 

Hippocrefis comosa is another species of southerly and easterly distribution 
scarcely reaching Scotland. It is locally very abundant in the chalk grassland. 
Filifendula hexafetala is of somewhat wider distribution but again is mainly 
concentrated on the chalk. Anthyllis vulneraria is much more widely spread 
in dry pastures than the preceding species but is much commoner on the 
chalk than elsewhere. Brachyfodium finnatum is of quite restricted southern 
and to some extent eastern and midland distribution. It occurs mainly on 
the chalk. 

There are only three species of constancy 1 to which we have given the 
exclusiveness figure 4. Gam'panula glomerata is pretty widely distributed on 
dry pastures throughout Britain, but it is said to be rare in the west, and it 
is probably far more abundant on the chalk than elsewhere. Ophrys apifera 
has a more restricted distribution, scarcely reaching the extreme north of 
England and south Scotland. It is apparently strictly confined to limestone 
soils and by far the greater number of plants probably occur in chalk grass- 
land, where, locally, and in certain years, it is extremely abundant. The dis- 
tribution of Orchis pyramidalis is similar but it is not so strictly confined to 
limestone. Perhaps it should have an exclusiveness figure of 3 only. 

Of the remaining species of constancy 1 a few are of some interest in rela- 
tion to chalk grassland. Lathyrus pratmsis was met with in one area and 
Vida cracca in four established in the grassland. The latter, though its usual 
habitat is hedges and wood-edges may almost be considered an occasional 
constituent of chalk grassland. Sonchis oleraceus was met with in 5 areas 
as a colonist. Tamm communis is of course a wood-edge, and Fragaria vesca a 
woodland plant, the latter not very infrequently occurring in chalk grassland. 
Tussilagofarjara is apparently a pioneer of loose chalk soils’- which may remain 
for a time after a turf is established, though it does not flourish. Girsimn 
palustre (like Agrostis alba and Garexflacca) belongs to the numerous category 
of species that occur either on wet soils or on dry soils very rich in lime. 

1 See Tansley and Adamson. “The Chalk Grasslands of the Hampshire-Bussex border.” 
This JoxjRNALj, 13, pp. 180-183. 
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Twenty-eiglit species in ail (eiglit out of the sixteen which have a con- 
stancy figure of 5) are marked as specially abundant in chalk grassland 
(excl. 3), sixty-nine species, or more than one-third of the whole list, as 
''indifferent’' (excl. 2), and thirty-eight (none of which except Cirsium arvense 
rises above constancy 1) as "alien.” 

While there are thus large indifferent and alien elements (the latter due 
to the proximity of most of the Downs grassland to cultivated soil), com- 
prising indeed more than two-thirds of the whole list of species, the association 
is, nevertheless, quite well characterised, according to the standards of the 
Swiss phytogeographers, by the 4 species of exclusiveness 5, the 1 1 of excl. 4 
and the 28 of excl. 3, a total of 43 or 29 per cent, of the whole belonging to 
one of the three higher grades of exclusiveness. Of the 35 species of constancy 
5 and 4, 17 or practically half belong to one of these three higher grades. 

Life forms. Only 4 of Eaunkiaer's life forms are represented in the list: 
chamaephytes, hemicryptophytes, geophytes and therophytes. 


Whole list of flowering plants 
No. of species % 
Ch 6 5 

H 91 72 

G 13 10 

Th 16 13 


Species of constancy 5 and 4 
No. of species % 

1 3 

29- 88 

1 3 

2 6 


The preponderance of hemicryptophytes, very marked in the whole list 
of flowering plants, is even more overwhelming in the species of the two 
highest degrees of constancy which form , the kernel of the vegetation. The 
other characteristic life form is the geophyte, to which nearly all the orchids 
belong, but which is not a type showing a high degree of constancy in this 
association. 

It is hoped that this attempt to employ the methods of the Zurich school 
for the characterisation of this well-marked association and its species may 
have enabled a clearer picture to be formed of the floristic characters and 
composition of chalk grassland. It seems to us, however, that the ideal descrip- 
tion and characterisation is only to be obtained by further study which will 
enable the species to be arranged in small, biologically homogeneous groups, 
rather of the nature of the synusiae of Gams^, which can be characterised and 
classified in relation to (1) their ecological requirements, (2) the part they play 
in the economy of the association and its successional phases. By this means 
a much needed link may be found between the autecology of the species and 
the vegetational characters of the community. 


6. STATUS OP CHALK GRASSLAND 

It is obvious that the great bulk of the English chalk grassland is a com- 
munity fixed and to some extent modified by continuous grazing. No special 
attention was paid to succession in the collection of the data for this paper, 

4 Gams, H, “ Priazipienfragen der Vegetationsforschung.” Vierteljahresschr. d. Naturf. Ges, 
in Zurich, BSf 191.8. 
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the object being rather to coUect floristic and soil data over a fauly wide 
region, but the observations made confirm and extend the conclusions arrived 
at in the third of these “Studies^” We may say with confidence that chalk 
arassland is a phase in the development of vegetation on a chalk soil, and that 
the mass of it is a biotically determined climax association, its characteristics 
being fixed by the continuous grazing factor. In Clements s terminology it 
is o/course b.' suhdimax—ih.^ true climatic climax being beechwood 
silvatictm calcareum\ Beechwood on chalk^, Beech consociation of sere 4 ). 
With the biotic factor removed, or much diminished m intensity, two lines 
of development are indicated: (1) by leaching of the^^surface soi on flat 
surfaces or gentle slopes, a development to “ chalk heath and possibly heath, 
marked by the entrance and increasing dominance oi Calluna and/or Enca 
cmefea, md their associates; (2) through a phase of scrub and “bwood to 
beechwood 5. The first line may, however, be overtaken and obliterated by 
the second, though the details of this part of the development have not been 

In the grassland itself we may distinguish a consocies dominated by Festum 
ovim or an associes in which this grass is very prominent, and it is this 
which forms the basis of the biotic subclimax. On the unleached soils, when 
grazing is relaxed, an associes dominated by meadow grasses is developed, 
and here heath development is excluded and the sere would doubtless progress 
to beechwood, though we are again ignorant of the details. 

The cost of the soil analyses, which were carried out at the Cambridge 
University School of Agriculture, was defrayed by a grant from the Royal 
Society. 

1 Tansley, A. G. and Adamson, R. S. “The Chalk Grasslands of the Hampshire- 
Sussex Border.” This Jotohal, 13, pp. 177-223. 

^ of BfUisl Y egetation^ 

3 Adamson. “The Woodlands of Ditcham Park.” This Journal, 9, p. 1^-0. 

^ Watt. “Development and Structure of Beech Communities on the Susses Downs. 
Part II, Section III,” “The Beech Consociation.” This Journal, 13. See especially pp. 43, 63, 
0 5 otc 

' ’ 6 Tansley. “Redevelopment of Woody Vegetation on Chalk Grassland.” This Jouknal, 
10, p. 168. Watt, Part II, Section I. “Preclimax Stages in the Developmental Sneoession. 

This JovENAt, 12, p. 145. 
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INTRODUCTORY 

The present communication deals with the results obtained from soil 
surveys carried out on Hindhead Common in July 1921, July 1922, and 
July 1923 together with a few further observations made in April and July 
1924. A preliminary investigation on a relatively small number of samples 
was undertaken by Fritsch and Salisbury in 1914 (unpublished) with a view 
to elucidating some of the ecological problems of the heath, but since the 
results obtained shed little light upon the points at issue, it was suggested 
to the writer that a more general survey should be undertaken. 

The area lies on the Hythe beds of the Lower Greensand, the subsoil being 
composed of stone and sand. The peat at different points is from 1 to 10 inches 
thick. Below this there are usually 4 to 6 inches of a light sandy soil, light 
both in texture and colour, overlying a hard sandstone which usually appears 
from 7 to 16 inches below the surface. 

^ From the Botanical Department, East London College. 
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A Soil Survey of HindTiead Common 

In July 1921 and July 1922 systematic surveys were made in wliicli 
samples were taken at 100 feet intervals along three main transects across 
the area. Of these three lines two ran at right angles to the base line 
(cf. Fritsch and Parker (9)), one at the point 4 and one at the point 12, 
whilst the third or Middle Line ran along the summit of the central ridge 
as indicated in the accompanying map (Fig. 1). Samples were also taken 
from various zones of special interest such as areas recently burntb the 
total number of samples taken amounting to about 270. In 1923 and 1924 
the general survey was not repeated but a number of samples were taken 
from special zones and burnt areas. The analyses consisted in determinations 
of water content, hygroscopic moisture, humus, acidity, total salts, calcium 
and nitrates in samples from 2-inch and 9-inch depths at each point, but 
calcium and nitrates, though investigated throughout in the analyses of 
the first year, were not followed up in later years as the first year’s results 
were all negative. In a few cases determinations were also made of aluminium 
and potassium. 

PARTI. METHODS 

Method of sampling. All loose debris and undecomposed remains were 
first of all scraped from the surface. The upper inch of soil was then removed 
with a trowel over an area of about 20 square inches (6-inch circle), the soil 
of the next 2 inches was loosened and mixed and about 50 gm. %vere then 
removed and packed in lever-lid tins completely lined by a folding bag of 
two or three thicknesses of waxed paper. The tin containing the bag and 
soil was then weighed on the spot to 0*1 gm. on a balance capable of accuracy 
to 0*01 gm. if necessary. The amount of fresh soil taken was found on un- 
packing in the laboratory by difference after weighing the tins and packets. 
The samples were then air-dried in the laboratory until they attained a 
roughly constant weight which usually required from two to four months. 
For this purpose they were exposed in open paper trays lightly covered 
over with paper to prevent the access of dust. The water contents at this 
stage are recorded in the tables as hygroscopic moisture but are not always 
given. About 20 gm. from each sample were then placed in tared evaporating 
basins, weighed and dried to constant mass in an oven at 100-110'^ C. 
They were then re-weighed and the fresh and air-dry water contents cal- 
culated. For the determination of total salts and acidity extracts were 
then made by weighing out 5-gram lots (two from each sample) into 100 c.c. 
beakers and extracting by intermittent shaking for two hours with 20 c.c. 

^ Samples taken on lines were usually taken at points midway between the corners of the 
survey squares (see map) and are designated in the tables by the title of the line such as 4, 12, or 
ML (Middle Line) followed by the two numbers or letters between wdiich they were taken. Thus 
4 AB 2 signifies that the sample was taken on the 4 line between the points A and B, and at a 
2-inch depth; ML 8, 9 and ML 18-19, 9 signify that the samples were taken on the Middle Line 
at the point 8, 9 inches deep and on the Middle Line between the points 18 and 19 and 9 inches 
deep respectively. 
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of conductivity water^. Tlie cleanlinGss of tlic boakcrs wus in all cases 
checked immediately before use by placing about 50 c.c. of conductivity 
water in the first of a row of two dozen or so (according to the size of the 
batch of samples), pouring it into each beaker in turn along the whole row 
and then ascertaining that its resistance in the conductivity pipette used 
was over 11,000 ohms. The process was always repeated until the resistance 
of the washing water that had been in all the beakers in turn became im- 
measurable on the bridge used (i.e. was over 11,000 ohms). After extraction 
the extracts were filtered through No. 40 Ashless Whatman filters which 
were shown to cause only a negligible increase in conductivity in their 
filtrates, the funnels for filtering being subjected before use to the same 
test as the beakers. The conductivities of the extracts were then found by 
means of the ordinary form of conductivity pipette used in conjunc- 
tion with a bridge and telephone supplied by the Cambridge Scientific 
Instrument Company and reading direct by dial adjustments to the nearest 
10 ohms. Accuracy to the nearest 10 ohms was found to be amply sufficient 
as it was always well within the ordinary error of sampling, individual 
5-gram samples of the same soil often differing by 10-100 ohms, but in all 
cases the average was taken of the two readings for the two different extracts 
from the same sample, a third determination being made if necessary in 
cases of bad agreement. The values recorded in the tables for ‘'Total salts 
give the conductivities of the extracts in gemhos. 

The acidities were determined electrometrically using a Clark hydrogen 
electrode, the extracts being run into the electrode vessel immediately from 
the conductivity pipette. The apparatus, which was capable with rapid 
working of accuracy to 0*001 volt (0*02 in the jjH), was checked before and 
after every batch of extracts with standard solutions (2A H2SO4 and 
0-lN alkali) so as to eliminate any possibility of error through changes in 
the condition of the electrode or formation of films on its surface or changes 
in the constants of the calomel electrode. In the 1922 survey (the first in 
which acidities were determined) a battery of voltameter cells with nickel 
electrodes and dilute NaOH as electrolyte was used as a source of hydrogen, 
the latter being subsequently passed over cone. H2SO4, through glass-wool 
filters, over an electrically heated coil of nichrome wire wound in a quartz 
tube and lastly over stick potash and a further glass-wool filter before 
entering the electrode vessel. In the later years, however, it was found that 
a Kipp’s apparatus and potash tubes alone , could be used as a source of 
hydrogen without any detriment to the accuracy of the results within the 
required limits, so this simpler form was substituted. The results with the 
two forms of generator were checked against one another and found to be 
identical within the required degree of accuracy and the apparatus has 
been checked against carefully prepared buffer solutions with the same result. 

^ Perfect wetting of the soil was ensured at the beginning of the extraction by grinding against 
the sides of the beaker with a thick hard glass rod. 
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Tlie extracts normally took about five minutes to come to equilibrium, 
the equilibrium after such time being quite definite and steady, but frequently 
the time required was less. 

In the 1921 and 1922 surveys the solutions were tested further for 
nitrates with diphenylamine and the residues left after filtering ofi the 
extracts were tested for calcium in a Collin’s calcimeter. Both of these 
tests, however, were invariably negative so were not pursued in later years. 

When the 6-gm. lots had been withdrawn from the dried sample and their 
extracts analysed as above, part or the whole of the remainder (about 
10-20 gm.) was utilised for the determination of humus. For this purpose 
the soil was weighed iii' porcelain basins and heated to redness until further 
heating no longer produced any change in colour. Heating was discontinued 
when it became impossible to bring lighter layers to the surface on stirring, 
the process usually requiring from 4 to 6 hours, after which the basins 
plus ash were cooled and weighed. 

In the determination of potassium and aluminium (when performed) 
extracts were prepared in conductivity water from the dry ground fine 
earth and subsequently filtered, added to the filter washings and concen- 
trated. Potassium was estimated by the perchlorate method, being weighed 
as perchlorate on a Gooch crucible, and aluminium was estimated as AlgOg 
by the ignition on foil of tlie hydroxide precipitated by NH4OH. (Iron was 
first removed by precipitating Fe(OH)3 and Al(OH)3 together, taking up 
the filtered and washed precipitate in a minimum quantity of HCl, treating 
with NaOH, diluting, filtering and re-precipitating Al(OH)3 alone from the 
filtrate with NH4OH and ]SrH4CL) 

PART II. RESULTS 

The General Surveys oe 1921 anb 1922. 

Table I. The 4 line in 1921. 









Coefficient 

Salts/humus 

Soil 

Water content 

A 

Humus 

A 

Total saltsf 

-A 

of humidity 

A 

ratio '"-ii; 


r 

9'' 

r 

9" 

2" 

9" 

2" 

9" 

r 

r 

■'..'■I;: 

9" 

4XY 

h2 

4-4 

17-3 

1-2 

4540 

1099 

0*07 

3*67 

262 

915 

4 YZ 

3-0 

3*2 

10-3 

1-6 

2380 

552 

0*29 

2*00 

231 

345 

*4Z4 

70*6 

8-1 

50-5 

6*4 

7410 

2267 

1*40 

1*27 

147 

413 

*4 4 A 

78-3 

2-1 

10'8 

1*2 

2380 

766 

7*25 

1*75 

220 

638 ^ 

4AB 

6-2 

1-6 

9’9 

1*0 

2856 

595 

0*63 

1*60 

288 

595 

4 BO 

18*9 

2-0 

28-3 

0*9 

4875 

656 

0*67 

, 2*22 

171 

730 

4 01) 

3-9 

2*0 

15-4 

2*3 

4000 

1738 

0*25 

0*87 

260 

755 

4 BE 

2*4 

1-6 

8-1 

0*8 

2220 

837 

0*30 

2*00 

^ 274 

105 

4EF 

23-5 

2-4 

72*0 

1*0 

16670 

1183 

0*33 

2*40 

232 

1183 

4 EG 

3-5 

H5 

24-1 

0*8 

3460 

800 

0*15 

1*88 

143 

1000 

4 GH 

3-0 

2-6 

15-1 

1*7 

3920 

1015 

0*20 

1*53 

260 

596 

4 HI 

1*6 

2*7 , 

3*7 

1*3 

1695 

953 

0*43 

2*08 

458 

732 

4IJ 

4-9 

9-2 

1-7 

1*6 

1242 

1439 

2*88 

5*75 

730 

900 

■4 JE"' 

3-3 

7-2 

2-9 

3*5 

1449 ' 

' 1560 

1*14 

2*06 

500 

417 

4KL 

11-8 

11-2 

13-2 

11*7 

3570 

2500 

0-89 

0*96 

270 

214 


* Sa,mpies marked with an * are treated as valley soils for the purpose of calculatinic? the figures 
in Table VII: the remainder are soils more than half way up the hillsides and are called ‘"tops.” 

t The total salts are expressed as the conductivity in gemhos of the extract made up as 
described on p. 34, see text. 
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Table II. The 4 line in 1922. 

Coefficient 


Soil Water content 


Total salts 


of liumidity 


Salts/liiimiis 

ratio 



2" 

9'" 

2" 

4 NY 

12-9 

8*5 

6*7 

4YZ 

15*4 

7*8 

5*6 

*4Z4 

59*6 

17*7 

31*8 

^4 4 A 

30*3 

10*6 

11*9 

4AB 

13*5 

6*8 

5*6 

4 EC 

16*6 

6*8 

36-8 

4 CD 

20*7 

— 

8*9 

4 DE 

10*8 

8*2 

4*4 

4EF 

117*6 

9*3 

67*4 

4FG 

9*2 

— 

3*3 

4GH 

10*5 

9*6 

1*6 

4 HI 

10*8 

6*9 

4*5 

4IJ 

18*6 

13*4 

4*7 

4JK 

13*4 

15*2 

14*9 

4KL 

12*5 

16*2 

4*6 

Table II a. 

Notes 

on V( 


3920 1350 


2-43 11-33 
0-45 3-09 


2*32 — 

2*45 5*46 

1*74' 8*45 
2*79 — 

6*56 6*86 

2*40 13*80 


* See note to Table I. 


were tahem, in 192.1. 

)oni. Ulex namis. Ptvris jiresent. Erka clncrm small plants, 
UUx nanus. Few Iar£?e clumps Molmia and nuineroiis very 


IReceiitlv burnt, 1920.) .Dorn. Ulex minus. Pteris jiresent. Enea ctncmi sman puinuN 
3 in. Cuscuta occasional on Ulex nanus. Few Iarf?e clumps 3Iohma 
small tufts. Epilohium angustifolium present but not frequent, U ft. high, tioveiin^^. 
Peat, I in. 2 in. dark soil. Sandstone 6-9 in. deep. 

(Recently burnt, 1920.) Dorn. Pteris. Ulex 7ianus almost as abundant as Piens. 
Pteris often l~14 ft. high. About one-third of the ground still bare. A’ricu crwcrea almost 
all small plants'about'O in. or I ft. apart. Cusciita occasional on Ldex. Molnua abseiu. 
Peat, |- in. 2 in. dark soil. Sandstone 1 ft. below surface. 

Dom. Pteris. Vaccinium myriillus abundant, 1 ft. liubus occasional bushes, ulex 
europaeus to 30 ft. Molinia tufts fairly numerous. CaJluna frequent. Erica cinerealess 
abundant. Erica tetralix present but not frequent. Dom. grass, A ardus. Darn soiJ 6 in. 

Half way up slope. Erica cinerea and Calhma equally frequent. Average height of 
vegetation 'l ft. Calhma 2 ft. Pteris frequent, to 2J- ft. 

Average Galluna-Ulex- Erica. Betula occasional. Pimis occasional. Average height of 
vegetation 10 in. Calluna 15 in. Pteris infrequent, to li ft. 

Galluna-Ulex-Erica. Less dense than at 4 AB, few bare patches. Average height of 
veo-etation about 1 ft. Calluna rarely above 1 ft. except in hollows. Pteris imreqiient, 
mSnly about 1 ft., occasionally to IJ- ft. Betula ound Pinus occasional. Vacciniwn 
occasional, to 5 in. Peat, 2|- in. 

Calkma-Ulex-Erica. Number of bare patches. Average height of vegetation, 9-10 in. 
Pteris infrequent, mainly poor, about 1 ft. Ulex nanus 3 in. Erica 7-8 in. Calluna 9-10 in. 
Betula and Pinus absent. 

As CD (above), nearly absent. Pinus occasional. Cladonia sp. frequent. Peat, 1 in. 

Very thick vegetation, no bare patches. Dom. Calluna^ to 2 ft. 6 in. Erica cinerea, to 
18 in. Ulex nanus frequent than at DE and CD. Festnea ovina abundant. Vaccinrmn 
myrtillus very abundant, 8-9 in. high. Pteris frequent, to 2 ft. 6 in. Pinus occasional, to 
5 ft. Ry^mxm sp. frequent. Dicranum on paths. Usnea sp. present, also Parmelia phjsodcs 
frequent on dead Calluna. Peat, 4 in. 

Vegetation sparse with bare patches. Calhma- Ulex-Erica. Calluna to 12 in. ^ Ulex to 
7 in. Erica to 8 in. Ulex europaeus occasional, 3-4 ft. Pteris sparse, IS in. to 2 ft. Vaccinium 
to 4 in. Rubus ocGSiBionail. Festuca ovina infrequent, also Molinia and Deschampsia. 
Peat, under 1 in. 

[ CaUuna-Ulex-Erica with, bare patches. Calluna to 1 ft. Ulex to 4 iti. Erka cinerea to 
7-8 in. Pteris infrequent, to 1-| ft. Peat, J in. 

As GH but moreP^ew, to 18 in. Little Molinia. Generally vegetation very poor. Boil 
stony. No peat. 

Dom. Calluna to 3 ft. Vegetation very thick. Erica to 2 ft. No Ulex. Molinia tufts 
frequent. Small Peiwfe occasional. No 'P/em, except on sandy bare patches. 

Vegetation tall, alternating with a number of bare patches. Calhma to 15 in. Erica equally 
frequent, 15 in. Molinia tufts frequent, 2-3 ft. Pinus occasional. Betula present. Very 
little humus. 

i FresMy burnt. Only Molmia sprouting. 
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Table III. The 12 line in 1921. 


Soil Water content 

Humus 



Total salts 

A _ 

Coefficient 
of humidity 

Y 

Salts/humus 

ratio 

A 


/ 








r 

A 


2" 

9" 

2" 

r 

2" 

9'' 

2" 

9" 

r 

9" 

*12 YZ ■ 

15*0 

6-2 

19*1 

1*4 

5878 

3120 

0*78 

4*43 

308 

223 

*12 Z 12 

16*5 

2-2 

.29*5 

2*2 

6890 

1562 

0*56 

1*00 

234 

710 

12 12 A 

21*5 

7*2 

8*4 

3*5 

9530 

1923 

2*56 

2*06 

1136 

550 

12 AB 

12*1 

2*0 

32*8 

1*4 

6250 

1150 

0*37 

1*43 

191 

821 

12 BC 

16-9 

— 

29*5 

2*2 

8330 

1123 

0*57 

— 

280 

510 

12 CD 

53*5 

2*1 

12*6 

1*0 

4250 

787 

4*25 

2*10 

338 

787 

12 DE 

2-8 

3*2 

2*7 

0*0 

1600 

1515 

1*03 

5*33 

592 

2530 

12 EE 

0*4 

2*8 

16*2 

3*0 

3126 

1905 

0*03 

0*93 

193 

635 

12 FG 

2-8 

— - 

20-6 

1*4 

4000 

763 

0*14 

— 

194 

545 

12 GH 

2*1 

7*5 

29*1 

3*6 

5550 

1600 

0*07 

2*08 

191 

445 

* Signifies considered as a valley soil for purposes of the calculation of the figui’es in Table VII. 


Table IV. The 12 line in 1922. 


Soil Water content Humus 


Total salts 


Coefficient 
of humidity 


Salts/humus 

ratio 


pK 



r 

2" 

9" 

r 

2" 

9// 

r 

2" 

9" 

2" 

9" 

2'' 

9" 

2" 

9" 

*YZ 

27*0 

16*4 

9*1 

3*2 

3445 

1920 

2*97 

5*13 

379 

600 

3*4 

3*8 

*Z 12 

133*5 

20*7 

92*8 

8*4 

18150 

4250 

1*43 

2*46 

198 

506 

2*9 

4*1 

12 A 

89*4 

26*6 

97*9 

9*6 

10000 

4760 

0*91 

2*77 

102 

496 

2*9 

3*1 

AB 

41*7 


36*4 

— 

6666 

— 

1*15 

— 

185 

— 

3*3 

— 

BC 

64*7 

8*3 

22*0 

1*0 

5710 

1000 

2*94 

8*30 

260 

1000 

3*2 

4*2 

CD 

26*3 

4*6 

12*4 

1*4 

4000 

840 

2*12 

3*29 

323 

600 

3*3 

4*7 

DE 

7-1 

21*8 

2*6 

7*7 

1885 

3030 

2*74 

2*84 

725 

394 

3*9 

3*2 

EE 

10*1 

7*6 

2*3 



1428 

733 

4*40 

— 

620 

— 

3*8 

4*3 

EG 

18*5 

9*5 

7*1 

3*4 

2752 

1738 

2*60 

2*80 

388 

512 

3*5 

3*5 

GH 

41*7 

9*5 

17*8 

2*3 

6450 

2630 

2*34 

4*14 

362 

115 

2*9 

3*8 


*** Samples marked with an * are treated as valley soils for the purpose of calculating the figures 
in Table VII: the remainder are treated as ‘Hops.” Cf. footnote to Table I, p. 37. 

Table V. TAe MiMe in 1921. 

Coefficient Salt/humus 

Soil Water content Humus Total salts of humidity ratio 

2^ 2" 9" r 9" 

7-5 4440 2150 0-53 1-52 251 287 

2-5 2856 631 0-30 0-40 260 252 

1-7 4540 757 0-42 5-00 187 445 

M 3278 1010 0*27 2-09 352 917 

0*7 2060 400 OffiS 1-57 187 571 

M 2325 512 0-23 0-81 255 465 

1-0 382 453 0*32 0*50 193 453 

2*4 3918 1515 1*11 2*88 430 631 

2*0 2000 3030 0*50 5*10 185 1515 

1*3 1562 1103 0*40 1-62 248 848 

^ Samples marked with an * are treated as valley soils for the purpose of calculating the figures 
in Table VII: the remainder are treated as “tops.” Gf. footnote to Table I, p. 37. 


MLO 
ML 6 
ML 9 
ML 15-^16 
ML 17 
ML 18-19 
^ML 20 
*ML 20-21 
'ML23 
.ML 26 


2" 

9*3 

3*3 

10-3 

2*5 

7*0 

2*1 

6*4 

10*1 

5*4 

2*5 


11-4 

1*0 

8*5 

2-3 

I’l 

0*9 

0*5 

6*9 

10*2 

2-1 


17*7 

11*0 

24*3 

9*3 

11*0 

9*1 

19*8 

9*1 

10*8 

6*3 
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Table VI. The Middle Line in 1922. 


Coefficient Salts/iiiimus 


Soil 

Water content 

Humus 

Total salts 

of humidity 

ratio. 

pE 
^ - 


ML 

2" 

9" 

r 

r 

2" 

9" 

2^ 

9'' 

r 

9" 

2" 

9// 

0 

40*5 

23*3 

13*6 

7*5 

5880 

3840 

2*98 

3-11 

433 

512 

594 

3*3 

3*7 

3*7 

4*3 

2 

13*8 

29*8 

3*6 

5-7 

1940 

3330 

3*84 

5-23 

539 

6 

10*6 

10*6 

4*1 

1*7 

2150 

937 

2*58 

6*23 

525 

551 

3-8 

3*2 

4*3 

8 

31-3 

9*6 

11*8 

2-8 

4340 

2125 

2-65 

3*44 

368 

758 

3*8 

4*2 

10-11 

14-0 

1*9 

5*6 

1*3 

2665 

800 

2*50 

1*46 

475 

615 

3*0 

13 

9-8 

11*3 

3*7 

3*8 

1850 

1650 

2-65 

2*98 

500 

435 

3*7 

4*0 

15-16 

21*9 



16*0 

1*3 

5700 

1098 

1*37 

— 

356 

844 

420 

3*1 

3*2 

3-4 

17 

11*2 

5*9 

5*1 

^ 2-5 

2560 

1050 

2*20 

2*36 

502 

3*8 

18-19 

27*7 

9*3 

25*2 

3*1 

5000 

1885 

1*10 

3*00 

198 

608 

3*3 

3-3 

*20 

39*7 

8*5 

28*3 

3-7 

6250 

1910 

1*40 

2*30 

221 

516 

3*3 

3*7 

*21 

92*1 

25*6 

5*1 

4*3 

4030 

2500 

18-10 

5*95 

790 

581 

3*8 

4*1 

22 

29*5 

102-9 

10*1 

2-4 

3635 

1480 

2-92 

42*90 

360 

617 

3*4 

3*3 

23 


8-2 

— 

6-1 

— 

1430 

— 

1*34 

— 

234 

— 

3*7 

24 

14*8 

5-7 

2*2 

0*6 

1784 

533 

6*73 

9-50 

810 

888 

3*4 

4*0 

26 

34*8 

34-3 

16-3 

1*9 

4540 1665 2-13 

* See note to Table I. 

18*04 

278 

876 

3*5 

4*0 


The results of the two general surveys are given in Tables I- VI and 
will serve to show the leading characteristics. T.he survey of 1921 was made 


after a very dry season and that of 1922 after a very wet one, so that 



differences in water content may taken to represent practically the ex- 
treme conditions of the soil in this respect and must be realised to be due 
to the different seasonal conditions and not only to differences in the quantity 
or quality of the humus. The rainfall from Jan.~June recorded at Haslemere 
was 9*51 inches in 1921^ and 2T19 inches in 1922^ but it should be pointed 
out that in both years the samples were taken after a week of fine weather, 
so that excess of water content in the wet season is not attributable to rain 
immediately before sampling but represents as nearly as possible a fair 
equilibrium condition for a wet season. The samples in the two surveys 
were taken throughout (except where otherwise stated) at exactly the same 
points (within a few feet). Some notes are appended to the results of the 
1921 survey in Table II a to show the condition of the vegetation at different 
points along one of the transects at the time of sampling. 

In the case of the 4 line for which the notes are given the area from which 
the first two samples were taken had been recently burnt (about 1920) as 
indicated in the notes, the rest of the line running across heath about 
5-6 years old, while of the 12 line with the exception of the first point, 
12 YZ, the greater part lay on heath which was more than 15 years old. 
The rise and fall of the land along these lines can be realised from the contours 
on the map and also from Fig. 2, but the effect of varying height of slope 
and topographical position will be dealt with fully later. 

The main characteristic of the soils in general, as will be seen at a glance 
from Tables II, IV and VI, is their very high degree of acidity, in view of 
which it is scarcely surprising that it was found to be impossible to demon- 
strate the presence of nitrates by means of diphenylamine and less still that 
1 Average for last 35 years, Jan. to June, 15*15 inches. 
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no calcium coiiM be demonstrated with, tbe Collin’s calcimeter in any of 
tbe samples. No trace of nitrates could be detected in any of the extracts 
tested in the dilution stated although the reagent was shown to be sensitive 
to a solution of KNOg containing 1 part in 500, 000^. That no nitrification 
took place in such acid soils was concluded as early as 1884 by Deherain (7) and 
in 1892 by Warrington ( 27 ), and Lipman and Wank ( 20 ) more recently, 
working on surface soils from the deltas of the San Joaquin and Sacramento 
rivers, found the peat of practically no value as a source of available nitrogen 
whether untreated or treated with steam and acid under pressure. Bryan (3) 
also finds that even the more resistant nitrogen bacteria such as those of 
the Soya bean are killed at an acidity of 3*5-3-9. On the other hand Fred 
and Davenport (8) find a critical jpR of 3*3 for the Soya bean organism and 
a as low as 3*1 for that of Lufinus roots. Noyes and Conner ( 22 ) found 
that some nitrification took place in acid soils though the activity was 
increased by the addition of CaCOg and disappeared if the soil were left for 
a period fully saturated. Nitrification and nitrates have also been recorded 
in acid soils by Abbot, Conner and Smalley (1), Hall, Miller and Gim- 
mingham ( 11 ), Houzeau ( 13 ), Petit ( 23 ), Temple ( 26 ), and White ( 29 ), 
but in the present cases only minute traces could be detected and it seems 
likely that the explanation lies in the high degree of acidity^. 

For calcium in one or two cases an alternative method was applied, 
the soil being treated with dilute HCl and the evolved COg being carried 
by a stream of C 02 -free air drawn through the apparatus into standard 
alkali which was subsequently titrated against standard acid first with 
phenolphthalein and secondly with methyl orange. The method showed 
that even 10-gram samples contained no detectable quantity of calcium, 
the two titrations giving identical results. The calcium content of these 
soils is therefore extremely low throughout — a fact which accords well with 
what appears now to be generally accepted concerning the association of 
calcium deficiency and the characteristic symptoms of ''sourness” which 
are exhibited by these soils. In the present case, however, it may be pointed 
out that the degree of acidity alone appears amply sufficient to explain 
these characters without calling in basic ratios to explain the facts. 

The mean values of the fR values of the extracts containing 5 gni. 
soil to 20 c.c. water for all soils taken from areas of the average Calluna- 
Ulex nanus-Erica association were found to be 3*42 for the 2-mch depths 
and 3-9 for the 9-inch depths, the numbers being based on 38 and 39 samples 
respectively. The range of pR for 9-inch depths is from 4*7 to 3-1, but very 
few samples fall outside the range 4*3“3*5, only one sample having a pH 

1 The nitrate reaction could, however, just be detected in some of the soils with an extract 
of three times the stated strength, from which, it appears that the nitrate content (as KNO 3 ) 
is of the order '00027 per cent. 

2 The nature of some of the nitrogenous compounds which are present in peat is dealt with 
by S. L. Jodidi (17) and (18) and by G. S. Robinson (24). 
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above this upper limit and only a few isolated cases having a more acid 
lower limit than 3’5, this occurring- where there happens to be more than 
9 inches of peat. The range for 2-inch depths is from 3*9 to 2-3 but relatively 
few fall outside the range 3*0-3* 6. Thus there is very considerable variation 
in the acidity even at fairly closely situated points, for which reason it was 
not considered necessary to record the acidities to more than one place of 
decimals. The 2-inch samples are almost invariably more acid than the 
corresponding 9-inch samples, as would be expected from their usually far 
greater content of organic matter, the 9-inch ones usually coming from a 
layer of light sandy soil immediately overlying the sandstone. Such a 
decrease in acidity in sandy soil below peat has also been found by 
Wherry (28) in the Middle Atlantic States and by Pierson Kelley (19) 
working on woodland soils from Chester County, Pennsylvania, who found 
an increase to 16 cm. below the surface and subsequently a decrease. The 


only exceptions to this rule of lower acidity at the 9-inch depths are found 
on bare, exposed gravel patches (cf. Fritsch and Parker (9)), which are still 
uncolonised and possess practically no humus (e.g. less than 1*5 per cent.). 



In view of the fact that the acidities as determined by the electrical 
method and here recorded are of an exceptionally high order it appeared 
advisable to obtain additional confirmatory evidence of the presence of so 
large a quantity of acid by some alternative method. In some ten or so 
representative cases 10-gram lots of soil were accordingly weighed out, 
extracted with an excess of distilled water and the total titratable acids 
determined by titration of the extracts with phenolphthalein and iV’/6*5644 
NaOH. The results showed that the range of acidity in terms of normality 
of the ordinary 5 gm. : 20 c.c. extracts used would be from x¥ x 0*761 x lO"”® 
in the case of a soil that had been burnt within the last few years to 
¥ X 9*13 X 10~^ in a Molinia zone rich in humus. In all the cases taken the 
acidity by titration was somewhat greater than that found electrometrically. 
This might be expected considering the probably very weak nature of the 
acids concerned. In one case in a soil from 3-4 XY the agreement was as close 
as 3*1 by electrometric determination and a normality of A" x 1*065 x 10"'^ 
by titration which (assuming complete dissociation) would correspond to 
a pH of 2*96, but in most cases the difference was greater. 

The mean value as determined by titration on this relatively small 
number of samples is about ¥ x 1-49 x 10~® and it is interesting to note 
that the figure is of the same order as certain values recorded by H. Jeffreys 
(15) for ‘'strongly acid” water from Wannister bog for which he gives the 
acidity determined by the same method as ¥ x 13*2 x 10"^. The acidities 
are of a somewhat remarkable order, but when it is recalled that Olof 
Arrhenius (2) found that the rates of germination of ordinary crop plants 
such as barley, corn, cotton and wheat were only reduced respectively to 
about 1/2, 1/2, 1/3 and 1/6 of the normal rates in neutral solution when 



F. M. Haines 


43 





grown on a soil made artificially so acid that an extract of 10 gm. : 50 c.c. 
water (approximately the same concentration as that used by the writer) 
showed a of 3, it becomes a little more believable that Ef ica and Calluna 
and their associates can permanently tolerate such hydrogen-ion concentra- 
tions as 2-3 as here seems to be the case, but fixation of nitrogen, which must 
be carried on by the fungal endophytes of these plants, does not appear yet 
to have been demonstrated in such circumstances. It has been noted by 
Healy and Karraker (12), however, also using the Clark hydrogen electrode, 
that air-dried soils showed a slightly greater acidity than fresh soil, so con- 
ditions in the field may not be so acute. On the other hand it has been 
stated by Conner (6) that moist soils show a loss in acidity on air drying. 

Lastly a single acidity determination was made for the sake of additional 
evidence on an odd sample from near 3 Y by the sugar inversion method 
described in Soil Science^ 15, 2, by Parker and Bryan. The result showed 
an inversion of *909 gm. sugar which, if one extrapolate a curve to their 
figures for more acid ranges, appears to correspond with a of about 
3*5. A soil from this region in the previous year’s survey gave 3*6 electro- 
metrically. 

Turning now to the question of the concentrations of total salts it will 
be seen that they average round a value of 4200 for the 2-inch depths and 
about 1200 for the 9-mch depths. These results are expressed as the con- 
ductivity in gemhos of the 5 gm. : 20 c.c. extracts in the particular con- 
ductivity pipette used. The pipette was standardised by finding in it the 
conductivity of a Y/lOO solution of KCl, such a solution having a resistance 
of 177 ohms and a conductivity therefore of 5650 gemhos. Thus the 
values given in the tables can be obtained in terms of Y/lOO KGl by 
dividing by 5650. An average sample of garden soil estimated in the same 
pipette showed a conductivity of 2600 gemhos so that it will be seen im- 
mediately by comparison that the heath soils can in no way be said to be 
particularly poor in their content of electrolytes but rather the reverse. 

It will be seen from Tables I-VI and also from Fig. 2 that the total salts 
of the 2-inch depths, as likewise the water contents, run in general more or less 
parallel with the humus content. Ifthetwo sets of tables (i.e. I, Illand Vwith ll, 
IV and VI) be compared, however, apparent anomahes will be seen to occur 
where the alterations in total salts, etc. from one year to the next do not run 
parallel with those in humus as might be expected. Such is the case for 
instance in the first three points on the 4 line where the line runs down a 
recently burnt slope but these are special points which will be dealt with 
later under the effects of burning. In general the acidity, conductivity and 
water content run closely parallel with the humus content in the sense that 
would be expected. This is well illustrated in Fig. 2 which shows the varia- 
tions in humus, water content, total salts and pH along the 4, 12 and Middle 
lines according to the 1922 survey. The thick lines at the base of the graphs 
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represent the rise and fall of the ground and their thicknesses represent the 
approximate heights of the vegetation at different points. Continuous lines 
all refer to 2-inch depths and dotted lines to 9-inch depths. In the lower 
graphs the thick lines (both continuous and dotted) give the percentages 
of humus and the thin lines water contents, in the upper the thick lines give 
the salt contents and the thin the acidities. The following general rules will 
be noticed: 2-inch humus contents run above 9-mch humus contents (i.e. 
thick continuous lines above thick dots in lower graphs) ; 2-inch water content 
is greater than 9-inch water content unless the humus percentages happen 
to be equal or the position is deep in a valley (e.g. in the bottom graphs the 
thin continuous lines run above the small dots except at 12 DE where the 
humus contents are equal and at ML 21-22 which is the bottom of a valley). 
Salt contents run parallel with humus (i.e. thick lines in the upper and lower 
graphs vary in the same sense) and vary more in the 2-inch depths than in 
the 9-inch. 2-inch acidities are nearly always greater than 9-inch acidities 
(thin continuous lines in the top graphs run above the small dotted lines) 
and 9-inch acidities usually vary in the same sense as the 2-inch. Acidities 
run parallel with humus contents, a real relation appearing to exist between 
them as found by Salisbury for woodlands (25), but have no fixed relation 
with water content, running parallel with water content when the percentage 
of humus is very large and in the opposite sense when the humus is low and 
the water content is nevertheless high through a lo’w position on the slope. 

The mean value of water soluble potassium in cases where it was deter- 
mined was found to be 0-054 per cent, and of soluble aluminium 0*1148 per 
cent, of the dried fine earth. 


The Eeeects of Wet axd Dry Seasons. 


The effects of wet and dry seasons as brought out by the 1921 and 1922 
surveys are shown in Table VII which deals with the variations in water 
content and the distribution of soluble salts. Sections a-c of the table 
give the data for the individual lines, the numbers being averages of figures 
taken from Tables I- VI (see footnote to Table I), and section d sho^ws 
means for all the tops and all the valleys taken together. It will be seen that 
in the individual cases the water content for the wet season (1922) may be 
as much as 600-700 per cent, greater than that for the dry season 
(Table VII c), the average increases, however, as shown by the figures in 
section e, being about two-and-a-half and three times the original percentage 
for 2-inch and 9-inch depths respectively. The coefficient of humidity in the 
individual cases increases from three to seven times and in the aggregate 
(section e) becomes about three times the original value, i.e. increases by 
about 190 per cent, in both depths. It will be seen that the greatest variation 
in actual water contents (VII d) is found in the 9-inch depths on high ground, 
the next greatest in 2-inch depths on high ground to which the 9-inch valleys 
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run. very close and tlie least variation in the 2-incli depths in the valleys. 
These points, however, as seen in section d of Table VII, do not p.robably 
present the matter quite in its true light, as part of the 4 line which has been 
included in calculating these means had been burnt only about a year 
previously to taking the 1921 observations. The values for the water contents 
and the coefficients of humidity therefore become anomalously high in the 
valleys in the first (dry) season through the increased facility of drainage 
down the slopes. The effect of including the values for the 4 line is thus 
erroneously to reduce the apparent percentage increases in these values 
from 1921 to 1922 by making the means for 1921 appear much too high. 
Probably the correct impression is that given in Tables VII d' and e', where 
the values have been calculated neglecting the anomalous 4 line. From these 
values it will be seen that the greatest variation in actual water content is 
really in the 2-inch depths in the valleys, the next greatest in 94nch depths 
in the valleys, next in 9-inch tops and least in the 2 -inch tops though even 
here it is increased by 188 per cent, or to nearly three times. The general 
increase is to about three-and-a-half times in both 2-inch and 9-inch depths 
but the valleys experience both a higher water content and a greater range 
in water content than the ‘‘tops.’’ (See footnote to Table I, p. 37.) 

Probably of greater importance are the variations in water content 
compared with the amount of humus, or the variations in the coefficient of 
humidity. These are also recorded in section d and their corrected values 
ignoring the 4 line in section d'. It will be seen that the humidity is fre- 
quently greater on the tops of the slopes than in the valleys, especially in 
the 9-inch depths in a wet season where it seems to be universally so (VH a, 
b, c), and in 2-inch depths in both seasons in the case of the very old heath 
on the 12 line. Otherwise the coefficient of humidity for 2-inch depths is 
distinctly greater in the valleys (VII a and c), the valleys also experiencing 
far greater fluctuation in humidity in the difierent seasons as far as their 
2 -inch depths are concerned (VII d'), the 9-inch depths fluctuating very 
much less than the 2-inch and by almost exactly the same amount on the 
tops and in the valleys. The changes in the coefficient of humidity or “ effec- 
tive wetness” of the soil run closely parallel with those in actual water 
content in the case of the 2-inch depths but appear to show a less marked 
relation in the 9-inch depths, a large increase in water content leading here 
to a relatively small one in the coefficient of humidity (VII d'), especially 
in the valleys. This result might be expected since in the 2-inch depths the 
humus must be responsible for holding practically the whole of the water, 
while in the 9-inch depths where most of the water would, owing to the 
relative paucity in humus, be held by the sandy mineral fractions of the 
soil any increase in the amount of humus (as has here taken place) would 
naturally considerably depress the coefficient. Where the water is originally 
held mainly by the sand the action of added humus might be compared with 
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that of a sponge, reducing the ‘Svetness ’’ produced by a given water content, 
so that the relatively low increase in the 9-inch depth coefficient (80 per cent.) 
is evidently explained by the incident that a particularly large increase in 
the percentage of humns happened to take place at this depth during this 
year, as shown in the last column of section cl' of the table. 


Table VII. Mean Values of the water content, humus content, coefficient of 
humidity, and total salts compared for high- and low-lying ground in 
dry and wet seasons (1921 and 1%22), 


Position of 
samples and year 

(4 line, tops, 1921 
) 1922 
^14 line, valleys, 1921 
I 1922 

f 12 line, tops, 1921 
, I 1922 

1 12 line, valleys, 1921. 
I 1922 

(ML, tops, 1921 
I 1922 

® 1 ML, valleys, 1921 
I 1922 

^Mean vahies: 

I All tops, 1921 


Water content 


Humus 


Coefficient 
of humidity 


Total salts 


2 " 

5-3 

22-5 

53-6 

34-1 

14*0 

37-4 

14-7 

80-2 

5*3 

22-4 

8-2 

60-9 


8*2 

25-9 

29-8 

56-4 


1099 

) Valleys, 1921 
1922 

Increase shown by tops : 

216 % 

Increase shown by valleys : 
V 89% 


9'" 

3- 6 
9-3 
6-3 

14-5 

12-5 

12*6 

4- 2 
18-5 

4-8 

25-2 

3*7 

17-1 

4- 3 
14*9 

5- 3 
16-5 

247 % 

212 % 


I 


^ A. 



9'-' 

' 2 " 

^ 

9" 

17-4 

1*5 

0-6 

2-3 

2988 

1027 

13-7 

1*8 

2*5 

6-7 

3267 

1305 

24*8 

6-2 

3*2 

1-3 

4440 

1978 

16-1 

2*4 

2-5 

4*7 

4474 

2047 

15*2 

2*1 

M 

2-3 

5330 

1346 

24-8 

4*2 

2-4 

4-0 

4858 

2103 

24-3 

1-8 

0*7 

2-7 

6384 

2341 

50-9 

5-8 

2-2 

3-8 

10777 

3085 

12*4 

2-3 

0-4 

21 

2883 

1199 

7'9 

3-1 

2-8 

8-1 

3508 

2232 

14*4 

1-7 

0-6 

2-2 

1432 

1432 

16-7 

4-0 

3-6 

4-3 

5140 

2205 

16*5 

1-8 

0-70 

2*31 

4100 

1174 

15-0 

2-8 

2*60 

6-80 

3755 

2270 

21*7 

3-8 

1-76 

1-83 

4350 

1790 

26*2 

3*8 

4*43 

4-88 

6470 

2390 

-9*0% 

55% 

271 % 

194 % 

-8*3% 

+ 93% 

21 % 

0*0 % 

152% 

167 <% 

49% 

34% 

5 taken: 






3-5% 

48% 

195 % 

190 O/b 

2*5% 

77% 


151% 199% 

Table VII. Sections d' and e'. 


(The Table gives the mean values for the water contents and coefficients of humidity for high 
and low ground in dry and wet seasons calculated as in Table VII, sections d and e, but ignoring 
the 4 line which is anomalous through having been in part recently burnt.) 

Coefficient 

Water content 


of humidity 
^ 


d' 


Position of 
samples and year 

/All tops, 1921 
1922 
Valleys, 1921 
i 1922 

Increase shown by tops 


(General increase on basis of ail samples taken except the 4 line: 

I 247% 265% 325 % 179% 


Humus 


2" 

9" 

2" 

9" 

' 2 " ' ■ 

9" 

9*7 

5*2 

0*77 

2*29 

15*8 

2*2 

27*9 

17*9 

2*65 

6*86 

15*8 

3*5 

12*0 

4*0 

0*69 

2*20 

19*4 

1*75 

73*1 

17*8 

5*72 

3*96 

33*6 

4*9 

188 % 

244 % 

242% 

200% 

0-0 % 

59% 

510% • 

345 % 

758% 

80% 

73% 

180% 


81 % 




14 % 
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Concerning the efiecte of a wet season on the redistrMon_ of soluble 
salts^rwould appear from a superficial glance at the figures in the la t 
columns of TabirVII d that the effect has been to cause a considerable 
increase in the conductiYity of the 9-inch depths (98_per cent.) 
at the expense of the 2-inch depths and an all round 

The appearance happens to be roughly correct in so fai as the valleys are 
concerned but is misleading for the tops, since in taking the changes in the 
amounts of soluble salts as an indication of the leaching effects it is eviden y 
:r— to take only tke actual ealt — “ '?if 
the salt concentrations compared with the percentage of humus, lithe amount 
of humus present be also taken into account it is found 

loss by b^;h depths at the tops and a general gam by both depths in the 

vlleyl the 2-inch depths in both cases changing by the greater amounh 

Thus^the lower layers (9-inch) on the tops do not gam m salts by leachm^ 
W tre upper llyers as appears from Table VII d, but the apparently 
greater quantities of soluble salts m the 9-mch depths are on y ^ _ 
Lhing but to an incidental increase in the percentage ^ 
effects of leaching during the wet season may be f 

in which the ratios of total salts/humus are compared for the different lasers 
in the two seasons. The changes in this ratio are taken to be a f airer indication 
of the leaching or drainage effects than those m actual conductivity, since 
changes in the latter are not only due to leaching but also to \aiia ions in 

the amount of humus present. , , . n • 

It is taken, moreover, that a measure of the effect of leaching or drainage 
on any part of a slope is given by the difference between the change m 
salts/humus ratio for the relevant part of the slope and the ag^egate change 
for the whole slope. Thus supposing that there were found to be m one year 
an aggregate increase in the amount of salts per unit amount of humus 
of 1 per cent, it is taken that if no leaching or drainage occurred e sa s/ 
humus ratio at all points on the slope would show an approximately uniform 
increase of 1 per cent. If now leaching or drainage cause a redistribution 
of the salts the ratio will decrease in some places and increase m others. 
If in some particular region the ratio were found to have increased by o per 
cent, the drainage or leaching effect would be taken to be proportional 
to 4, since there would have been an increase of 1 per cent, without any 
leaching and the leaching has accounted for an additional change of 4 per 
cent. If in another part there vrere no change in the ratio leaching would 
have accounted for a loss of the 1 per cent, that would have been normally 
gained if no leaching had occurred. The leaching effect on any soil given m 
Table VII f therefore is the difference between the percentage change m 
the ratio of salts/humus for the relevant part of the slope and the aggregate 
percentage change in the ratio for the whole slope. 
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Table VII f. Changes in the saltslhumus ratio and the effect of leaching 
and drainage from to 1922. 

Mean values of ratio of 
total salts/liuiiius 

Soil samples from wliicli r 

the results are calculated Year 2'^ 

Means based on all samples taken'! 

from the 4-, 12- and middle lines ( 1921 308 090 

(35 samples in 1921 and 40 inf 1922 427 048 

1922 from each depth) j 

Increase — • — % — - 0 % 

) 1921 326 730 

All tops j- IQ22 439 674 

Increase ... ... ... — — ^‘1*0% -7*7% 

Leaching effect ... ... — — 3*5 % loss 1*7 % lo; 

x411 valleys 

Increase 
Leaching effect 

It will be seen from the table (VII f) that the leaching effect on 2-inch 
depths on high ground has been to cause a loss of 3*5 per cent, since there 
has only been a gain of 34-5 per cent, instead of 38 per cent., and the effect 
on 9-inch depths on high ground has been to cause a loss of 1*7 per cent, 
as the decrease is 7*7 per cent, instead of only 6 per cent, and so on. The 
means^ at the beginning of the table show that there has been a general 
increase in total salts during the year’s interval of 38 per cent, in the 2-inch 
depths and a slight decrease (6 per cent.) in the 9-inch. In the aggregate 
then there is no gain in salts by loss through leaching from the upper layers. If 
leaching due to greater rainfall played a part in increasing the salts at 9-inch 
depths at the expense of the supply in* the 2-inch depths a greater increase 
in the concentration of salts per given amount of humus should be found 
in the 9-mch layers after a wet season than in the 2-inch layers but actually 
on the tops the proportion of salts to humus in the 9-inch layers has decreased 
and in the valleys has only increased to less than half the extent shown by 
the 2-inch depths. It is to be concluded that there is a general loss on the 
tops, the 9-inch layers losing more by drainage than they receive by 
leaching, and a large increase in the valleys which is much more pronounced 
in the 2-inch depths than in the 9-inch. 


gam 


7 ? . saltslhumus for wet season 
g. aUos oj season 


Table VII 


Mean values 
2" tops 
9" tops 
2" valleys 
valleys 


All tops 
All valleys 
All 2^' depths 
AU 9" depths 


i Founded on 37 samples in each year from each depth. 
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Table 


VII b. 


Saltslhumus ratio for the 12 line slope in 1921 and 1922. 

Salts/iiimius 

Salts Humus ratio 

r r 2 " 


Top, 12 AB 

) 1921 

6250 

32*7 

( 1922 

6666 

36*4 

Bottom, 12 12 Z 

} 1921 

6890 

29-4 

( 1922 

18150 

92-8 


191 

183 

234 

195 


That the wet season does not cause the 9-inoh layers to gain appreciably 
at the expense of the 2-inch is also seen from the figures in Table VII g 
which not only bring out the greater increase on the ow-lying ground at 
the expense of the high in a wet season but also show that the salts/humus 
ratio has increased in the aggregate to 1-61 times origmal value in all 
the 2-inch depths taken together and has decreased slightly, to 97 ot its 

original value, in the aggregate 9-inch depths. . , . i 

The effects of leaching on burnt ground will be dealt with below. 


The Effects of Fires. 

The effects of fires on the soil are shown in Table VIII, the first part of 
the table giving the results in individual cases as shown by comparing the 
properties immediately before and immediately after the fires and the last 
part of the table giving the aggregate results as shown by means. 

It will be noticed (cf. Fritsch and Salisbury (10)) that on the average 
a fire leads to the destruction of 60 per cent, of the original humus in the 
surface soil (leaving, e.g., 8-6 per cent, instead of 20-9 per cent.) and only 
about 8 per cent, of that lower down at the 9-inch level. The effects, however, 
are distinctly different according to the age and height of the vegetation 
that is burnt and the consequent actual total amount of humus originally 
present in the soil. In relatively young heaths, burning, it will be seen, leads 
to the destruction of 66 per cent, of the original organic matter in the 2-inch 
depths, but in the case of very old heath, bearing Calluna to a height of 3-4 feet 
and with a very high original percentage of humus, as much as 70 per cent, 
of the original humus may remain after firing. In consequence of the destruc- 
tion of the humus the water content of the 2-inch layers falls on the average 
to about one-third of its original value, but that of the deeper layers is 
practically unaffected or may slightly increase through the more ready 
percolation (see page 59) from the upper layers. 

Concerning the effects on the concentrations of soluble salts, it is to be 
supposed (see below) that the immediate effect is always to increase the total 
salts though this can only be demonstrated in soils where a large amount of 
hurnus is left after burning and the analysis can be made at a very short 
interval after the fire. It is only shown in Table VIII in the case of 12 AB, 
the only one where these conditions were obtained, but is probably a general 
feature and due to the liberation of salts from the burnt plant remains. 
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A few montlis after the fire, as shown by the means at the bottom of the 
table, the general effect is a decrease in total salts both in the l.-inch an 
9-inch depths. The resulting reduced concentration of salts is on the aggre- 
gate about 70 per cent, of the original concentration in 2-inch depths and 
86 per cent, of the original in 9-inch depths. The results are explained by 
the more ready leaching after the destruction of the humus (see p. 59) 
and naturally the effect is, as shown by the table, greater in the sur&ce 
than in the lower layers. Burning then leads to a serious loss of salts, since 
the leaching effects when the humus is destroyed more than balance the 
gains of salts from tlie plant remains. 


Table VIII. 


Water 

content 


Hnnius 


Ejfect of burning. 

Total Coefficient 
salts of humidity 


Soil Burnt 
sample in 
r4 4A 1923 before 
„ „ after 

4AB 1923 before 
,, after 
young ) 4 BC 1923 before 
heaths j „ !.» after 

15 D 1924 before 
„ after 

|4 A-C) -,Q9«rbefore 
laver. (A j after 
fl2AB 1924 before 
Old ) „ » a,fter 

heaths'! 12 12 A 1924 before 
il2B „ after 
Mean values forj before 
oldest heath . ( after 
Means for younger ( before 
heath \ after 

Means of all values J before 
together ( after 


30-3 

9*6 

13*5 

8-2 

7-2 

6-2 


17*0 

8-0 

41*7 


10-6 

7-8 

6-8 

5-6 


7-7 

7-8 


11-9 

8-5 

5- 6 
4-9 

36-8 

1-3 

7-6 

6- 0 
18*1 

4-9 


2-2 

2-3 

0-6 

2-2 


To 

1*7 

2-3 


1.7 36-4 13*3 


31*5 


36-6 

17-0 

8-0 

24*8 

8-0 


1-7 

7.7 

7-8 

6*18 

7*80 


27*3 

22-4 

31*8 

22*4 

15*5 

5-2 

20-93 

8*58 


13*3 

1*7 

1- 9 

2- 07 
1-90 


3920 

2700 

2320 

1598 

3030 

914 

1520 

1197 

3090 

1737 

6666 

7140 

5780 

2435 

6223 

4787 

2698 

1602 

3872 

2664 


9'C 

1350 

1105 

793 

1340 


624 

1161 

1.105 

602 


2 " 

2-54 

M3 

2*41 

1*67 

0-20 

4*70 


g/, 

4*81 

3-39 

11*42 

2*55 


Salts/humus 

ratio 

^ P 

328 613 

318 480 

415 1320 
326 




1*38 6-26 
2*50 3*39 

1*15 0-13 

1*15 — 


602 1*15 0-13 


1161 

864 

102*1 

864 


1*72 

2*50 

1*49 

2-50 


6*26 

3-39 

4*73 

3-39 


82 

704 

200 

199 

275 

449 

184 

212 

109 

198 

109 

256 

387 

232 

331 


609 


416 

847 

480 

45 


45 

848 

448 

647 

448 


%" 

3*2 

3*3 

3*1 

3*4 

3*4 

3*5 

3*6 

3*8 

3*2 

3*4 

3*3 

3-3 

2*7 

3*5 

3*0 

3*4 

3*3 

3*5 

3-2 

3-5 


9'' 

3*9 

3*2 

3*6 

4-0 


4*1 

3-8 

3- 2 

4- 0 


4*0 

3*8 

3*6 

3*88 

3-65 


Eepeated burning would therefore lead to a steady impoyenshment of 
the heL in this respect and since as will be seen from what follows it would 
also lead to a steady decrease in acidity it might be expected to cause a 
degradation of the heath. Such has already been observed to be the case 
by Fritsch and Salisbury ( 10 ), so that the above results merely go to explain 

the facts already established. ... . , , ^ 

The acidity of the surface layers after burning is invariably fou d 

to decrease, the mean results showing a change in pH from 3-2 to 3-5 
(Table VIII) On the other hand the acidity of the deeper layers is found 
to increase slightly owing apparently to their more 

more acid teachings from the upper layers, as a result of which thy becom 
almost as acid as the surface soil. Burning thus leads to a general decrease 
in acidity, partly no doubt caused by the liberation of plant bases ai^ partly 
by the destruction of organic acids. Since it is also evident that fires lead 
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to the destruction of much of the colloidal matter of the soil (see below), 

it is of interest to recall in this connection that McCool and Wheeting (21) , 

found that artificial removal of the colloids from soil by Cliamberiand j 

filtration led to a decrease in H* concentration and a decrease in the amount ! 

of lime w^ater necessary for neutralisation. The effect is probably due to the 

elimination of apparent acidity due to the selective adsorption of bases by 

the colloids, so the partial elimination of this effect by the destruction of 

colloids may possibly play a part in the lowering of acidity when the colloids i 

are destroyed by fires. Burning also tends to equalise the acidity at different 

layers, a tendency which runs side by side with that tow’-ards equalisation | 



of texture. 

The coefficient of humidity appears to decrease somewhat both in the 
surface and 9-inch layers, but this is not shown in the 2-inch layers in the 
means owing to one anomalous result (4 BC). Neglecting this result it will 
be seen (Table VIII) that the salts/humus ratio as would be expected is 
increased considerably in the surface layers as a first effect though this 
condition is not maintained but regularly falls off with time (see Table X), 
while in the 9-inch layers the ratio decreases, probably owing to the increased 
exposure to washing out by rain. It is evidently this same factor which 
accounts for the salts/humus ratio falling of again in the 2-inch layers, 
though here it naturally takes longer to produce an effect than in the 9-inch 
layers owing to the greater amount of remaining humus. The retentive power 
of the surface layers is, however, so impaired as a rule by firing that they 
may show a continued loss of salts by leaching for as much as three or four 
years after the fire, and it is only after this time has elapsed and the soil is 
almost completely covered again by vegetation that the amounts of soluble 
salts again begin to increase, through the rate of production again coming 
to exceed that of loss. This is well shown in the case of the soils from 12 I 
and 2-3 Y in Table X, where there is seen to be a regular falling off of the 
augmented ratio value during successive years after the fire. This is un- 
doubtedly due to the destruction of the soil colloids which are naturally 
not appreciably replenished until a fairly late stage in recolonisation. The 
destruction of the colloidal matter is clearly evidenced by the difference 
between the percentages of water retained in air by burnt and unbiirnt 
soils. The averages of 65 and 57 analyses respectively show that the mean 
values of this ‘'hygroscopic moisture’’ for unburnt soil are 4-3 per cent, 
for the 2-inch layers and 1*3 per cent, for the 9-inch depths, whereas after 
burning the 2-inch layers only retain 0*65 per cent, and the 9-inch 0*9 per 
cent. Naturally again the greater difference is in the 2-inch layers since it 
is unlikely that any very marked direct effect of firing would be felt at the 
9 -inch depths. 
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Year 

Year 


of 

of 

Soil 

fire analysis 

121 

1922, 

.1922 

4XY ■ 

1920 

4921 

4 YZ 

1920 

1921 

4 4Z 

1920 

1921 

121 

4922 

1923 

ML OA 

) 1919 

1921 

4XY 

1920 

1922 

4 YZ 

4920 

1922 

44Z 

1920 

1922 

2-3 Y 

1920 

1922 

4-5 WX 1920 

1922 

3-4 Y2 

: 1920 

1922 

ML 0-9 1919 

1922 

2-3 Y 

1920 

1923 

4-5 WX 1920 

1923 

3-4 YZ 1920 

1923 

2-3 Y 

1920 

1924 

3-4 YZ 1920 

1924 

36 B 

1913 

1921 

38 B 

1913 

1921 

40 B 

1913 

1921 

27 0 

1912 

1921 

28 0 

1912 

1921 

30 0 

1912 

1921 

36 B 

1913 

1922 

38 B 

1913 

1922 

40 B 

1913 

1922 

27 0 

1912 

1922 

28 0 

1912 

1922 

30 0 

1912 

1922 

SOB 

1913 

1923 

38 B 

1913 

1923 

40 B 

1913 

1923 

27 0 

1912 

1923 

28 0 

1912 

1923 

30 0 

1912 

1923 


Table IX. 


Recovery from i 


Water Total 

content Humus salts 


.A. 


9^/ 


e ^ 

2^ 9'^ 


r 


— 

9" 


13*8' 

10*5 

3*5 

1*2 

4*4 

17*3 

3*0 

3*2 

10*3 

70*6 

8*1 

50*5 

10*2 

7*9 

4*2 

7*6 

7*0 

17*6 

12*9 

8*5 

6*7 

15*4 

7*8 

5*6 

59*5 

17 7 

31*8 

25*9 

— 

10*8 

25*8 

6*0 

10*2 

4*1 

7-5 

3*2 

24*1 

18*3 

8*3 

8*3 

— 

9*3 



— 

0*6 

4*6 

3*8 

3*5 

— 

— 

8*1 

15*4 

z . 

41*8 

7*9 

— 

14*7 

12*9 

— 

21*2 

17*2 

— 

18*8 

9*4 

— 

18*7 

4*0 

— , 

11*8 

21*8 

— 

9*4 




/*.S 

11*6 

13*5 

— 

4*5 

21*9 

— 

10*6 

16*7 

___ 

5*0 

8*6 

— 

12*2 

7*6 

— 

10*9 

34*7 

— 

15*6 

9*2 

— 

14*8 

3*5 

' — .■ 

5*7 

8*1 

— 

7*0 


1-2' 

1800 

1075 

1*2 

4540 

1099 

1*6 

2380 

552 

6*4 

7410 

2667 

1*2 

1535 

1019 

3*9 

3945 

1179 

2*2 

2320 

1430 

1*8 

2500 

1148 

2*3 

7400 

2468 

11*5 

3840 

1390 

2*4 

6240 

1850 

0*6 

1550 

819 

4*4 

3577 

2668 



2740 

— 



2790 

2125 

2*0 

1678 

950 



1560 

— 

2*0 

— 

615 



6670 

— 

— , 

2598 

— 



4250 

— 



5880 

— 



3167 

— 



2172 

— 



3120 

— 

— 

2560 

— 



6650 

— 



2525 

■ — 



2700 

— 



2170 

— 



3508 

— 



3770 

— 



5120 




4255 

— 



1910 

— 

— 

2220 

■ — 


pB. 


2" 

^ 

r 

3*8 

4*6 

— 

— 

— 

— 

— 

— 

2*9 

3*7 

— 

— , 

3*6 

3-8 

3*4 

3*8 

3*2 

3*5 

3*5 

— 

3*2 

3*9 

3*8 

4*5 

3*5 

4*0 

2*5 

. — 

3*6 

3*2 

2*9 

3*0 

4*0 

— 

__ 

4*0 

— 

— 



— . 

— 

— 

— 

. — 

— 

— 

3*3 

— 

3*6 

— 

3*0 

— 

4*1 

— 

4*0 

— 

3*8 

— 

3*1 

— 

3*1 

— 

2*9 

— 

2*5 

— 

3*3 

— 

3*0 

— 


Salts/huinus Interval 
ratio . after 


r 

2" 


lire in 
years 

515 

895 

4 

265 

919 

1 

231 

345 

1 

147 

417 

1 

365 

814 

H 

233 

328 

'2 

346 

650 

2 

446 

637 

2 

233 

1073 

2 

356 

121 

2 

611 

770 

2 

484 

1366 

2 

466 

602 

3 

295 

— 

3 

4650 

— 

3 

480 

475 

3 

193 

— 

4 

— 

307 

. 4 

160 

— 

8 

177 

— 

8 

201 

— 

8 

313 

— 

9 

170 

— 

9 

184 

— 

9 

322 

— 

9 

356 

— 

9 

574 

— 

9 

561 

— 

10 

255 

— 

10 

434 

— 

10 

288 

— 

10 

349 

— 

10 

328 

— 

10 

288 

— 

11 

335 

— 

11 

317 

— 

11 


Table X. Leaching after burning. 


Salts/hiimiis ratio 


Soil 

JSTo. of years 
after fire 

i ! — , 

2!' 

121 

4 

515 896 

121 

11 

365 815 

2-2 Y 

2 ■ 

365 — 

2-2 Y 

■ 3 

295 — ' 

2 - 2 Y 

4, ■ 

195 — 

Table XI. Recovery from burning. 


The table gives mean values for groups of soils from Table IX which are of 
the same age after burning. 


Age of soil or in- 
terval after fire 
in years 

4 

l"^ 

1-1- 

2 

3 

Water content 

Humus 

Total salts 

A 

Salts/humus 

■A 

pH 

Z" 

13*8 

24*7 

10*2 

21*6 

12*3 

10*5 

5*2 

7*9 

8*1 

IM 

21 ' 

3*5 

26*0 

4*2 

12*3 

5*4 

1*2 

3*1 

1*25 

3*5 

3*2 

■ 

2 !' 9'' 

1800 1075 
4777 1437 

1535 1019 
3971 1470 
2696 1914 

2"' 

515 

214 

365 

387 

1473 

9'^ 

895 

559 

814 

707 

538 

^ 2 !' 9'" 

3*8 4*6 

2-9 8*7 

3*5 3*8 

3*1 3*4 


2-9 8-7 

35 3*8 

3*1 3*4 
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Table XII. Leaching on slopes after hurning. 

Salts/humus ratio 


Soil r r 

( 4XY 262 914 

Torjs J 36 B — — 

i 27 0 ™ — 

f 4YZ 231 345 

Middles ^ 38 B ~ 

28 C *— -- 

44 Z 147 416 

40 B — - 

30 C — — 


Bottoms 


Table XII a. 

Giving average values for the salts/humus ratio for high and low ground in two successive 
years of observation, calculated from the figures in Table XII, above. 

Salts/humus Increase % Leaching effect=^ 


Means of all observations, 1st year 356 558 — — — — 

2nd year 325 787 -8*7 71-0 — — 

Tops, 1st year of observation 370 914 — — — — 

2nd „ 307 650 -17-1 -28*8 -S-4 -100 

Middles, 1st ear „ 313 345 — — — - — 

2nd „ 376 638 20-0 85-0 28-7 13-6 

Bottoms, 1st year „ 385 416 — — — — 

2nd „ 293 1072 -24-0 158-0 -15-3 86-6 

* = difference between actual increase and the mean increase shown in the first line of the table. 


The general effects of leaching on burnt areas are roughly similar to 
those already described for unburnt areas as far as the surface layers are 
concerned, namely a loss of salts at the top of the slope and a gain at the 
base (cf. p. 49), as shown in Tables XII and XII a. Unlike the unburnt 
slopes, however (cf. Table VII f), the effect instead of being less at the 
9-inch depths is far more marked than in the 2-inch depths, the 9-inch 
layers at the tops of the slopes losing in the aggregate 28 per cent, of their 
salts instead of gaining 71 per cent., so that the leaching effect is proportional 
to 100, and the 9-inch layers at the base acquiring double their original 
salt content. On more or less recently burnt slopes, as will be seen from the 
table (XII a), the 9-inch layers in the middles and at the bottoms of the 
slopes do increase in their salt content through leaching from the surface 
and 9-inch soils at the tops. All the normal effects are therefore as would 
be expected much more pronounced on the burnt than on the unbiirnt slopes, 
but the retentive properties of the surface soils are so impaired that even 
the lowest 2-inch soils here, unlike those on unburnt slopes, appear to lose 
more by leaching than they receive by drainage. 

The means at the top of the table (XII a) show distinctly the gain here 
by the 9-inch layers at the expense of the 2-incli, but the gains by both 
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depths in the middles of the slopes appear to be almost without explanation. 
Eor some reason it appears that the middles were by far the poorest regions 
in salts before the fires so that on the increased supplies of drainage water 
they could themselves gain salts from above but at the same time pass on 
a solution sufficiently weak to cause further washing out of salts from the 
2-inch depths lower down the slopes. A clue to the mechanism of this gain 
by the middles and simultaneous loss by the valleys immediately below 
may lie in the fact that the middles only receive drainings from one direction, 
and these may be very concentrated through the ready leaching from burnt 
ground above, whereas the valleys will be washed by larger quantities of 
drainage water from possibly three different directions, and this water, 
coming, as it may, in large part from ground that has not been recently 
burnt, is likely to be much more dilute than the solution received by the 
middles of the slopes. 

To suniirLarise tlien tlie effects of burning on salt content it may be said 
that the first effect is to increase the total salts present (see 12 AB in 
Table VIII and the abnormally high values at the beginnings of Tables' X 
and XI). The added salts are then rapidly diminished by leaching (Table X) 
and the reduction continues until colonisation and the production of new 
humus check the process and cause the salts/humus ratio again to increase 
(Table XI). The decrease through leaching is much more pronounced than on 
unburnt ground, especially in the 2-inch depths in the valleys, and goes on 
for longer on the upper parts of the slopes than on the lower, the lower 
ground soon regaining salts through leaching from above. The lower ground 
would then perhaps be expected to be more hospitable for colonisation 
than the upper and as compared with older land would be more favour- 
able for the development of deeper rooting forms such as Calluna and 
Vlex nanus (cf. Fritsch and Salisbury (10)) through the relatively higher 
salt content of its 9-inch layers. 

Recoveby eeom Burning. 

The process of recovery from burning is best illustrated by Table XI 
which gives the mean results calculated from the data in Table IX. In this 
table (XI) averages have been taken for all soils of the same age since the 
last fire (i.e. with which equal intervals have elapsed since last being burnt). 
It shows a gradual increase in acidity during the first three years from a 
jpK of 3-8 to 3-1 in the 2-inch layers and from 4*6 to 3*4 in the 9-inch layers 
and also serves to illustrate the march of changes in the salts/humus ratio. 
After the first few months the ratio is still high but falls to a minimum about 
the end of the first year, after which it again regularly increases. This is well 
seen in the 2-inch depths but is not so distinct in the 9-inch, as the last two 
values appear too low. The increase in the actual quantity of humus is best 
realised by comparing the percentages shown in the 1922 and 1923 analyses 
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of soils from 36 B, 38 B, 40 B, 27 C, 30 C, 12 I and 3-4 YZ (see Table IX). 
As would be expected the increase is a general plienomenon in recoveiing 
soil, the relatively few examples which may be found in the tables where the 
reverse appears to take place (e.g. 28 C and 4-“5 WX) being fully explained 
by incidental causes such as reburning, but some of these cases will be dis- 
cussed later. 

Effect of Height on Slopes. 

Results have been collected in Table XIII to show the \ariations in 
water content, humus content, total salts and acidity at different heights 
on slopes. In each group of figures the top line gives the value for tops, the 
next the intermediate value or values at half way heights and the bottom 
one the figures for the valleys. It will be observed that the water content 
is almost invariably considerably greater at the bottoms of the slopes than 
on the tops but that general rules cannot equally well be laid down for 
humus content, acidity or content of total salts. With respect to humus 
the figures are not at all diagrammatic but show few exceptions to the general 
rule that there is usually distinctly more humus in the valleys. That this is 
the general rule is clearly brought out by the means shown at the end of the 
table (XIII), which it will be seen bear a fairly good relation to the individual 
cases, and also by a comparison of the humus contents for tops and valleys 
already given in Table VII d. In Table XIII also the aberrant figures are 
readily explained by the differences in the character of the vegetation at 
the different heights which are brought about by the erratic nature of some 
of the past fires. Other things being equal, i.e. with the same association at 
the same stage throughout the whole slope, there is more humus in the valleys 
as brought out by the groups of figures in Table XIII, the bottom figures 
in these groups being usually greater than the top ones. 

The total salts are usually greater in the valleys than on the tops, this 
point being shown both by Table XIII and Table VII. The reason appears 
to be twofold: firstly, the higher water content (see Table VII) favours a 
more luxuriant growth and a greater formation of humus and secondly, the 
low ground, as established in Table VII f, receives leachings from the higher. 

In the case of acidities the gradient may be either upwards or downwards, 
i.e. the upper part may be more acid than the lower or vice versa. Acidities 
on slopes cannot therefore be said to run side by side with ivater content or 
humus, but the determining factor appears to be the nature of the valley 
vegetation, which is more variable than that of the summits. It will be seen 
from the table (XIII) that the mean results show a greater acidity in the 
valleys and that this also holds in six out of the nine individual cases. It 
has been shown by Conner ((5) and (6)) that soils rich in organic matter 
showed greater acidity when fully saturated and those low in organic matter 
were more acid when only half saturated, so that if differences in the water 
and humus contents were responsible, it appears that the opposite relation 
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Table XIII. Variation of 'properties with height of slope. 

Water Total Coefficient Saits/humus 



Age of 

content 

'.A 

Hnmus 

_ 

salts 



of humidity 

vV * 

ratio 

pE 

Slope 

V vJMtJ ua> ulU Ji 

in years , 

2'' 

9'^ 

2^^ 

9^ 

r 

2" 

9" 

. 2'' 

9" 

r 

9''" ' 

r 

. ,2"' 

9'' 

('36 B 

■; Q 

f 21-8 

— 

9-4 

— 

3120 

— 

2-5 

— 

332 

— 

3-3 

— 

B 1 J 38 B 


- 

— 

7-2 

— 

2560 

— 

— 

— 

355 

— 

3-6 

— 

[40 B 


1 - 


11-6 


6650 


— 


573 

— 

3-0 

— 

,,f27B 

10 

f 13-5 



4-5 

— 

2325 

— 

3-0 

— 

516 

— 

4-1 

— 

B2 - 28B . 


21*9 

— 

10-6 

— 

2700 


2-1 

— 

255 

— 

4-0 

— 

(sob 


[ 16*7 

— 

5-0 

— 

2170 

— 

3-3 

— 

435 

— 

3-8 

— 

Valley A, 

2 

( 12-9 

8-5 

6-7 

2-2 

2320 

1430 

1-9 

3-9 

346 

650 

3-6 

3-8 

west, 


15-4 

7-8 

5-6 

1-8 

2500 

1148 

2-8 

4-3 

446 

638 

3-4 

3-8 

4 line 


( 59-5 

17-7 

31-8 

2-3 

7400 

2468 

1-9 

7-7 

232 

1072 

3-2 

3-5 

Valley B, 

6 , 

f 10-8 

7-0 

4-5 

0-5 

2350 

627 

2-4 

13-8 

522 

1254 

3-0 

4-3 

west. 

J 

1 18-6 

13-4 

1-7 

3-0 

2895 

2220 

1-1 

4-4 

1700 

740 

3-5 

3-8 

4 line 


1 13*4 

15-2 

14-9 

2-6 

2172 

2172 

0-9 

5-9 

146 

835 

3-9 

4-2 



[ 12-5 

16-2 

4-6 

2-8 

2102 

2322 

2-7 

5-8 

456 

828 

3-9 

4*0 

Brka slope 

^ i 

f 21-9 

— 

16-0 

1-25 

5700 

1098 

1-4 

— 

356 

878 

3-1 

3*4 


1 

1 11-2 

5-9 

5-1 

2-45 

2560 

1050 

2-2 

2-4 

505 

428 

3-2 

3-8 



, 27-0 

9-3 

25-2 

3-14 

5000 

1885 

1-1 

3-0 

199 

600 

3-3 

3-3 



, 39*7 

8-5 

28-3 

3-7 

6250 

1910 

1-4 

2-3 

221 

515 

3-3 

3-7 

Opposite 


r 34-8 

34-3 

16-3 

1-9 

4540 

1665 

2-1 

18-0 

278 

875 

3-5 

4-0 

Mrica sloj>e 

7 I 

1 14-8 

5-7 

2-2 

0-6 

1784 

533 

6-6 

9-5 

810 

888 

3-4 

4-0 




8-2 

— 

6-1 


1430 

— 

1-3 

— 

234 

— 

3-7 



1 29*5 ■ 

102-5 

10-1 

2-4 

3635 

1480 

2-9 

42-7 

360 

615 

3-4 

3-3 



1 92-1 

25-6 

5-07 

4-3 

4030 

2500 

1-8 

6-0 

795 

581 

3-8 

4-1 

Valley A, 


r 20-7 



8-9 

2-9 

3920 

1072 

2-3 

— 

440 

370 

3*2 

3*6 

east, on the 

6 1 

! 16-6 

6-8 

36-8 

2-2 

3032 

1340 

0-5 

3-1 

82 

610 

3-4 

4-0 

4 line 


13-5 

6-8 

5-6 

0-6 

2320 

793 

2-4 

13-0 

414 

1320 

3-1 

3-6 



30-25 

10-6 

11-9 

2-2 

3920 

1350 

2-5 

4-8 

330 

613 

3-2 

3-9 



. 59-5 

17-7 

31-8 

2-3 

7400 

2468 

1-9 

7-7 

232 

107 

3-2 

3-5 

Valiev B, 

Over lo 1 

' 7-1 

21-8 

2-6 

7-7 

1885 

3030 

2-7 

2-8 

725 

394 

3-9 

3-2 

west, on the 

10-1 

7-6 

2-3 

— 

1428 

722 

4-4 

— 

620 

— 

3-8 

4-3 

12 line 

1 

18-5 

9-5 

7-1 

3-4 

2752 

1738 

2-6 

2-8 

387 

510 

3-5 

3-5 



. 41-7 

9-5 

17-8 

2-3 

6450 

2630 

2-3 

4-1 

363 

1144 

2-9 

3-8 

Valley A, 

Over 15 | 

■ 64-7 

8-3 

21-9 

1-04 

5710 

1000 

3-0 

8-0 

251 

960 

3-2 

4-2 

east, on the 

J 

41-7 

— 

36-4 

— 

6666 

— 

1-1 

— 

183 

— 

3-3 

— 

12 line 


89-4 

26-6 

97-9 

9-6 

10000 

4760 

0-9 

2-8 

102 

496 

2-9 

3-1 



.133-5 

20-7 

92-8 

8-4 

18150 

425 

1-4 

2-5 

195 

506 

2-9 

4-1 

Means: All tops 

23*1 

16-1 

10-1 

2-5 

3451 

1417 

2-3 

7-1 

418 

767 

3-4 

3-8 

Intermediates 

24-8 

18-6 

17-5 

3-1 

3430 

1615 

2-3 

8-8 

481 

656 

3-4 

3-64 

All bottoms 

56-9 

16-6 

25-4 

3-7 

6820 

2103 

2-1 

5-2 

390 

679 

3-3 

3-8 


should hold and that the greater acidity should be found on young heaths 
at the tops and on old heaths in the valleys, where there is a higher water 
content. Thus in old ground acidity and water content should run parallel, 
if the rule applies, and the greater acidity be found in the valleys, while 
shortly after fires the reverse should be true, but such is not the case 
(see especially Valley A, west, i line in Table XIII). The effect is therefore 
apparently not merely related to the water content or humus, but depends 
as suggested above upon the nature of the vegetation at the bottom of the 
slope. It is significant that in the three cases where the valley was found 
to be less acid, the base of the slope was occupied by a special zone of 
Ulex euTopaeus and Pteris. A particularly well marked zone of this type 
existed also at the junction of the valleys A and B round 20-21 YZ and 
special samples from this region showed that such zones were associated 
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with a lower acidity, the being only 3-9. This appears to be the explana- 
tion of the lower acidities at the bases of the three slopes in question, 
viz. valley B, west, 4 line, the Erica slope and opposite the Erica slope. The 
last named is particularly suggestive, as the type of vegetation here only 
changed at the very base and it is accordingly only the last pH value going 
downwards which shows the decreased acidity, the intermediates showing 
the normal tendency to rise towards the valley. 

In the six cases which obey the rule of higher acidity in the valley it is 
further to be observed that the effect is very much more pronounced in 
the case of the oldest vegetation such as that of the 12 line slopes at the 
bottom of the table than in the younger slopes. This may be related not 
only to the direct effect of the greater percentages of humus on these slopes, 
esj)ecially at the bases, but also to the fact that less drainage appears to 
take place on the old ground than on the young, so that the valley acidity 
would be less ameliorated by washing through with drainage water than 
it appears to be on the younger slopes. The drainage effect and washing out 
of the valleys evidently decrease markedly with increasing age of the 
vegetation. Owing to the accumulation of large quantities of humus water 
is retained instead of being allowed to wash out the lower layers and is 
re-evaporated from positions high on the slopes. This theory that there is 
less travel of drainage water down the slopes on old ground is supported by 
the figures given in Table VII h for the changes in the salts/humus ratio 
at the top and bottom of the 12 line slope between 1921 and 1922, which 
testify to the lack of drainage effects here as compared with other slopes. 
It will be remembered that in the aggregate (Table VII f) the salts/humus 
ratio increased for 2-inch depths by 38 per cent, in the year, but after the 
wet season had increased in the valleys more than on the tops owing to the 
washing of salts down the slopes. Here, however, there is no general increase 
(Table VII h), probably because the zone was already so old as to have reached 
a state of equilibrium. It therefore only shows a loss of salts from the 2-inch 
layers to its 9-inch depths, and in the valley the salts/humus ratio has 
actually fallen off rather more than on the top, showing the lack of drainage 
effects down the slope. Possibly the gradual elimination of this drainage 
effect with vegetation of increasing age may be a factor favouring the de- 
velopment of a much higher acidity in the valleys as compared with the tops. 


Experiments on the Percouation of Water and Salt Solutions 
THROUGH Burnt and Unburnt Soils. 

It has been assumed in a number of connections in the foregoing sections 
that a soil after burning would more readily allow water and salts to drain 
through it than an unburnt soil, and that in consequence salts would be more 
readily leached on burnt areas and would be more readily drained to the 
lower levels of a burnt slope than an unburnt. 
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It seemed advisable tlierefore to make a few laboratory experiments 
upon burnt and unburnt >soils to establish that this is actually the case. 
Experiments have therefore been carried out on the permeabilities of 
different samples of water and salts, the permeability of the unburnt soil 
being found first and then compared with that either of a natural burnt 
soil or a soil artificially slowly heated until the organic remains appeared to 
be charred to approximately the same extent as is found in the field shortly 
after a fire. 

The Percolation Rates with Water, 

The permeability to water was roughly determined by finding the time 
required for the water level in a long glass tube of 3 cm. diameter and 
containing a column of soil 20 cm. high supported on gauze at its lower 
end to rise 10 cm. under a pressure of 20 inches of w'ater. The soil was in all 
cases very carefully packed into the tube and as uniformly as possible, 
the final pressure used being always that which would just cause the column 
to slide in the tube. The upper limit of the column was defined by a piece 
of gauze supported by a glass rod so as to keep the packing uniform and the 
column the same length. The method is admittedly very rough but seemed 
sufficient for the present purpose and the values as given below are sufficiently 
different to be significant. The times taken were as follows : 


Unburnt soil 

Collected burnt soil 

Artificially burnt soil 

5 mins. 

o sees. 

1 mins. 

46 secs. 

0 min. 

43 secs. 

3 

43 

2 

0 

— 

— 

4 

37 

1 

26 

1 

0 

4' 

30 

— 

— 

— 

— 

8 

10 

2 

0 

0 

43 

11 

40 

0 

44 

— 

— 

11 

50 

0 

50 

1 

0 

Means: 7 mins. 

4 secs. 

1 min. 

20 secs. 

0 min. 

54 secs. 


It is then evidently quite legitimate to assume that drainage is much 
facilitated by burning whether in the laboratory or in the field. 

Rates of Drainage of Salts, 

The leaching and drainage rates of burnt and unburnt soils collected 
from about 2-3 X were compared by the following method. A column of 
soil 20 cm. high, carefully and uniformly packed as in the determination of 
percolation rates (see above), was supported by a piece of wire gauze resting 
on the inturned edge of a glass tube 3 cm. in diameter and 50 cm. long, the 
soil having been air-dried and crumbled before packing. The tube was marked 
at 10 cm. above the soil level (the volume of the tube between the top of 
the soil and the mark being roughly 66 c.c.). The soil was then thoroughly 
washed through from above with tap water at a constant head of 10 cm. 
for half an hour until the water draining through had a constant conductivity. 
The resistance of the drainings was measured at intervals and it was found. 
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as would be expected, that their concentration was greatest at first and fell 
off with time but that with unburnt soil it eventually fell to about half 
the concentration of the tap water which was being supplied at the top. 

The soil therefore gives up electrolytes to the washings at a decreasing rate 
but in the end must be absorbing electrolytes from the in-going solution. 

The reason for this behaviour is not altogether clear, but it suggests either 

that the tap water happens to contain electrolytes which are more readily 

absorbed by the soil than are the substances which were originally present, 

or that some substance in the tap water forms a compound with something * 

present in the soil which is either insoluble or less dissociated. 

When the drainings reached a constant conductivity the liquid over the 
soil was allowed to drain just to the soil level and replaced by 50 c.c. of 
1 per cent. Tidman’s sea salt solution with which the tube was kept filled 
to the mark by means of a dropping funnel supported above. The emerging 
solution was allowed to fall into 1000 c.c. of distilled water in a reservoir 
below and the rate of increase of conductivity of this water was measured 
by successive readings for half an hour, the rate of increase being taken to 
give a measure of the facility of salt-drainage through the soil. 

After half-an-hour the salt solution was allowed to drain to the soil level 
and the tube was again kept filled to the mark with tap water. The con- 
ductivities of successive five minute fractions of ‘^leachings” were then 
measured to find the rate or the facility with which the salts could be 
washed out. The results are set out in Table XIV and plotted in Fig. 3. 

The results indicate that although the burnt soil showed more ab- 
sorption at the very beginning, its leachings coming out initially less con- 
centrated than those from the unburnt soil, it allowed its leachings continu- 
ously to increase in concentration for 15 minutes and then only retained 
sufficient salts from the tap water to reduce the concentration of the latter 
by 15 per cent., whereas the unburnt soil allowed no increase in the con- 
centration of its leachings from the beginning, absorbed electrolytes from 
the tap water continuously from the fifth to the 107th minute after the 
start and reduced its concentration to 63 per cent. It might be argued that 
the conductivity of the leachings from the burnt soil is still high at the end 
of half-an-hour because it has only been giving up its salts slowly, and that 
that from the unburnt soil is already low because it has lost all its salts 
quickly and has no more to lose. If, however, this were the correct inter- 
pretation, obviously the values of the resistance of the solution from the 
burnt soil should have been rising to their final value and those of the 
unburnt soil should have been falling. The reverse is true in both cases so 
evidently the first interpretation is the correct one and the unburnt soil 
is the more retentive of absorbed salts. 

In the second part of the experiment it is seen that in equal times the 
burnt soil allowed 2| times as much water to pass as the unburnt soil and 
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Table XIV. Experimental results on the rates of drainage of ivater 
and salts through burnt and unburnt soils. 

.. . (II) Washing out of sea si 

First extraction with Bate of drainage with 1 % with tap water __ 

Sp wate? Tidman’s sea salt solution , 


Washing out of sea salt 
with tap water 


Time 
in inins^ 


Besistanee of 
the drainings 
in ohms 

. 

Burnt Unburnt 
soil soil 


Time 
in mins. 
0 


Resistance of the 
water receiving 
leachings in ohms 

f — ^ ^ 

Burnt Unburnt 

soil soil 

10,000 10,000 


Time of 
collection 
of fraction 
(minutes) 


Riesistances in ohms 
of the successive 
fractions of 
the drainings 
/■ 

Burnt Unbum t 

soil soil 



(560 c.c. 
passed) 


975 

8 

10 

60 

1,040 

10 

410 


111 



630 

12 

470 

980 

990 

13 

14 

— 

430 

360 

lO 

20 

orv '•> .v 

535 

600 

990 

15 

50 

— 



990 

16 

— 

260 

2o“30 


1030 

1030 

174 

20 

— ^ 

210 

170 

60-65 

, 

(650 c.c. 

24 

— 

120 



passed) 

25 

40 

— 


— 


274 



100 

— 



30 

40 

90 

— 




(360 c.c. 

(155 c.c. 

— . 




passed) 

passed) 




allowed as much salt to be washed through in six minutes by 7^ c c. as the 
unburnt soil in 30 minutes by 155 c.c. (viz. enough to bring down the 
resistance to 90 ohms). It therefore appears to be about five times as efficient 
in allowing salt drainage, so far as rate is concerned, and to require less than 
half the amount of water to remove the same amount of salts. 

The third part of the experiment, dealing with the washing out of the 
salts contained, shows that the rate of washing from the burnt soil is about 
50 times the rate from the unburnt soil, the percentage increases in con- 
ductivity over given equal intervals (e.g. the first 15 minutes) being respec- 
tively 50 per cent, for the unbuxnt soil and 2675 per cent, for the burnt. T^ e 
time required for the first signs of change in conductivity in the case of the 
burnt soil is also only a tenth of what it is for the unburnt, so that it may 
be safely concluded that leaching and drainage on slopes in nature are con- 
siderably facilitated by burning. 
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The Soil Properties of Special Zones and in Relation to 
Special Ecological Features. 

The relation between the properties of the soil and the ecological 
teristics of the vegetation growing upon it are brought out by Table 
which has been constructed from the analyses of several soils from each type 
of zone, each soil being analysed in three different years and the results 
averaged together. The method of making these averages should preclude 
the possibility of the differences in the figures being due to seasonal varia- 
tions or other irrelevant causes. The figures explain themselves and the table 
is easily read but attention may be drawn to one or two of the points which 
it shows. Fritsch and Salisbury (10) have pointed out that^ some years 
after firing the vegetation normally attains a phase in which CaUmia, 
Ulex nanus and Erica are simultaneously dominant. This may be taken to 
be the average condition of the heath and is extensively represented. (It 
will be alluded to here, as in Fritsch and Salisbury’s paper, as C.U.E.) 


Table XV. Averages for soils from special zones. 

T 

Water Hygroscopic 

content moisture Humus pH . s 


Hygroscopic 

moisture 


Humus 
2 " 9" 


Coefficient 
of humidity 


Zone 2'^ 9^' ^ ^ ^ " 

^ S <«) « ” 

Vacciniurnm 43-3 7-2 5-1 3-7 36-0 -- - 

MoUnia(^) 42-7 12-4 5-8 34 244 12-6 3-30 

Aim. 25 B (2) 10-4 8-3 2-3 1-b 4-7 ho 3-o 

Burnt areas on west side of Valley B with; 

Ulex nanus (Z) 54 5*1 1*8 0*6 3*7 1 0 3 3 

mcacinerea{3) 74 2-0 1-9 0-2 13-4 o-3 3 0 

Kern os. (3) 19-7 3-9 44 04 o-6 1-7 34 

PoorCWZ«»»(250-Z)(l) 2-3 - 04 -- 4-0 -- -3 

Erica taralixW 21-2 14-7 24 2-9 11-5 5-2 3 3 

Gravel (4.5 J) (2) 114 11-8 2-2 24 2-0 -7 4-0 

-.^1 0*65 0-9 8*6 1*9 3*0 

Burnt areas 

* The values are based on all appropriate samples taken in 1921, 1922, 
tions which have been averaged being given by the figures in brackets in 
-j- Figures in brackets in this column apply to tlie whole line. 


Ulex nanus (3) 

5*4 

5*1 

Efica cinerea (3) 

7*1 

2*0 

Pteris aq. {^) 

19*7 

3*9 

Boot G alluna {25 0--Z){l) 2*3 

" — 

Erica tetralix (4) 

21*2 

14*7 

Gravel (4-5 3 ) (2) 

11*1 

11*8 

Burnt areas 

8*0 

(24) 

7*8 

(4) 


3-8 3‘ 

3-8 1 

3-65 2i 

( 4 ) {; 

, and 1923, 
each case. 


number 


0*9 4*1 

(24) (4) 

of determina- 


Table XVI. Figures tahen for comparison from paper by H. Jeffreys (16). 

Acidity Acidity 

as given expressed as 

(=c.c. i\710 fB. of 

Coefficient acid/lOOgm. 50 gm./20 c.c. 
Water content Humus of humidity soil) extract 

Callunetum 60-7 25-3 2 4 4-94 g 91 

Pteridetum (1 ) 17-0 h ) l _ 

mo n.Q 2.SB 3*15 

Molinietum 


Water content 

60*7 

17'0 

214 

77*1 


Humus 

25-3 

7-0 

6-7 

12*2 


Coefficient 
of humidity 

2*4 ■ 

24 
3*2 
6*3 


Acidity 
as given 
(=c.c. A7IO 
acid/ 100 gm. 
soil) 

4-94 

1-6 

1-8 

2*86 
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THe first row of figures (Table XV) is for such average G.U E. and is 
based on a fairly large number of samples, tbe numbers of readings used 
in obtaining the means being given in brackets. The readings for special 
zones may all be compared with these means in deciding whether they are 
abnormally high or abnormally low in any particular respect. 

Soils on which Vaccinium is a prominent feature are characterised by 
being very rich in surface humus and soluble salts and possessing a hig i 
water content, but whether the high water supply or the richness of the soil 
is the more important factor there is nothing to suggest. Vaccinuwi is 
tolerant of a high degree of acidity, being associated with soils which are 
unusually acid both in their 2-inch and 9-inch depths, the respective pH s, 
being 3-2 and 3-6. It is more so apparently than any other species mentionec 
with the exception of Erica cinerea. Vaccinium can support an acid soil 
provided it be very wet but Erica will become dominant on a still nioro 
acid soil when the water content is very low. The figures for Er^a m the 
table are those for a specially well marked zone on the west side of valley A. 
The valley slope here had been burnt in 1920 and showed in 1921, 1922 and 
1923 along this side three very obvious, well-marked and distinct zones, 
the boundaries between them running at right angles to the direction of 
the valley, of which the first was dominated by Erica, the second by Ulex 
nanus and the third by Pteris. In each case the dominant constituted 
quite 80-90 per cent, of the vegetation in the three years mentioned though 
they were becoming less marked in 1924. Similar zonations were observed 
here by Fritsch and Parker in 1913 and are figured in Fig. 1 of their 
paper ( 9 ). The figures for each of these zones are recorded in the table (XV) 
as burnt areas with Erica, Ulex nanus and Pteris respectively. The zone 
with dominant Erica shows with one exception for its surface layers the 
most acid mean pH in the table, though the 9-inch depth is almost as 
alkaline as any. In this Erica zone then there is a greater difference between 
the acidities of the 2-inch and 9-inch depths than in any other situation 
and the fact, though it does not go in any way to explain the zonation, is 
probably significant in connection with the rooting depths of the pknts 
concerned. Erica as shown by Fritsch and Salisbury ( 10 ) is comparatively 
shallow rooting, but in the case of the zones dominated by plants which 
penetrate more deeply such as Ulex nanus and Pteris there is a far less marked 
difference between the acidities of the 2-inch and 9-inch layers. There is 
least difference in acidity with the Pteris which penetrates most deeply. Of 
the three zones the Erica is the most acid, the Ulex nanus next and the Pteris 
zone the least, but the salt and humus contents do not run in the same order. 
In the case of the '‘Erica slope,” for which figures have already been given in 
Table XIII, the degree of acidity is slightly less and the water content con- 
siderably higher. 

Definite Molinia zones appear to be characterised by high acidity 
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(pH = 3-6) and to be almost as acid at tbe 9-inch, depths as at the 2-inch 
(mean pH = 3-36), in which feature they stand apart from all other cases. 
This is evidently related to the fact that the soils are altogether very rici 
in humus and that the 9-inoh depths are particularly exceptional in this 
respect. If the figures for the Molinia zones in Table XV be compared with 
the average value of the two years means for vaUeys in general given in 
Table VII d, which here will form the fairest “control” for comparison, it 
will be seen that the water contents, the total salts and the 2-inch humas are 
lar^e but all very close to the mean values for valleys, but that the 9-inc i 
humus content is 12-6 per cent, against a mean value of 3-8 per cent 
three times the normal. This probably explains the exceptionally high a cidi y 
at the 9-inch depths as compared with the 2-inch, and is evidently related to 
the fact, to which attention is drawn by Jefferies ( 14 ), that Molima penetrates 
deeply into the sub-soil and possesses root hairs at all levels, so that more 
than the average amount of humus would be formed in the deeper layers. 
The coefficients of humidity are decidedly less in the Mohma zones than 
the average values for valleys, not apparently because there is a smaller water 
content but because there is more humus (cf. “sponge-like action of the 
humus referred to above, p. 47). It is also to be remembered however, that 
some of the Molinia zones were not actually in valleys, so this companson 
with valley means, though useful in a general way, may not be altogether ]ust 
The results for Molinia zones fall well into line with the observation of 
H Jeffreys ( 16 ) that “Molinia usually grows where there is a large amount of 
humus in the soil and the water supply is peaty in character,” but whereas 
Jeffreys found the Callunetum to possess a still higher acidity than the 
Molinetum, in the present case the reverse is true. It is interesting to compare 
the figures for the water content, humus, coefficient of humidity and acidity 
of the general C.U.E. vegetation and Molinia and Pfens zones with some of 
those given by Jeffreys. Some of the latter are quoted in Table XVI. Jeffreys 
results for acidity were found by titration and given in c.c. of V/10 acid 
per 100 gm. soil, so, for the purpose of rendering them roughly comparabk 
with the writer’s results, they are in Table XVI also converted into the p 
values which would have been given by a 5 gm. : 20 c.c. extract, assi^ng 
the acid to be completely dissociated. (This assumption is not strictly legiti- 
mate owing to the weak nature of the acids concerned, but will serve for a 
rough comparison.) Comparison of Tables XV and XVI shows that although 
the formations studied by J eff reys were all much wetter than those of Ta ble X V , 
the Callunetum in particular being also much richer in humus, some of the 
results are strikingly similar. In the Molinia zones the pH’s coinpare as 
closely as 3-16 and 3-3, and the humus contents found by Jeffreys faU between 
the 2-inch and .9-inch values recorded by the writer. The Pteridetum also 
agrees very closely, the typical water contents being 17 and 21 per cent, against 
19-7 per cent., the humus 7 and 6-7 per cent, against 6-6 per cent., the co- 
Joiirn. of Ecology XIV 
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efficient of humidity being 2*4~3*2 against 3*5 and the acidities identical at 
a pH of 3-4. Salisbury, however (25), finds in the case of woodlands on 
Hythe beds (like the present soils) a pH for Pteris of 4-9 and for Vaedniuni 
of 4*4 against the present record of 3*2. 

Soils from the Molinia zones frequently showed evidence of peculiar 
properties during the determination of their acidities. The extract has the 
capacity of frothing very much like a solution of egg albumen so that a row 
of films is formed by the bubbles of hydrogen passing through the electrode 
vessel. Another peculiar property is that the solutions from these zones, after 
coming to a sort of transitory equilibrium on saturation with hydrogen and 
giving a pH reading of a normal order, were found to possess the capacity of 
‘^creeping” up to a higher and higher pH if the passing of hydrogen were 
much prolonged. Some of the Molinia zone solutions would creep in this way 
until showing an e.m.f. which corresponded to a pH of 9 or even 10 but 
nothing could be made out concerning the cause of the phenomenon. It was 
certainly due to some special substance or substances present in the soil 
extract and was not an artifact, since every possible precaution was taken 
and the phenomenon was persistently exhibited with different electrodes, 
different sources of hydrogen, different extracts of the same sample and so 
on, but the nature of the substances which cause it has not been determined. 
Bicarbonates might cause a slight creeping through washing out of COg but 
could not account for an effect of the order observed. The effect was only 
exhibited with extracts from definite Molinia zones (e.g. those round 20 C, 
19-20 C and at point 0), except that it was also found in soils from gravel 
patches at 4-5 J, one soil from near the junction of the valleys A and B 
close to a definite Molinia zone, and a position in the Erica zone on the west 
side of valley A, in all of which localities Molinia occurred to some extent. 
Other samples estimated alternately with them came quickly to a final equili- 
brium in the normal way. The apparent association of the phenomenon with 
Molinia may of course be only incidental but seemed worthy of record. 

In the case of the Aira {Deschampsia) zone for which figures are recorded 
in Table XV the peculiarities must be found by comparison with the figures 
given for Middle Line tops in Table VII. These figures were obtained from soils 
in topographically comparable situations. Aira {Deschampsia) flexuosa is of 
restricted distribution on the heath and is seldom abundant, but becomes a 
prominent feature in this particular zone at 25 B. By comparison with the 
control mentioned above it will be found to be relatively poor in humus and 
salts and to be below the mean acidity. 

Erica tetralix forms well defined zones in certain places on the heath, the 
most remarkable being at 0 B and in the region of 3 J where it thrives almost 
to the exclusion of everything else. The soil is of more than average acidity 
in the surface layers but like that of the Erica dnerea zone of valley A already 
mentioned is almost as alkaline as the average at the 9-inch depths. As 
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already suggested tHis may again be associated witli tbe relatively sballow 
rooting. The content in soluble salts is also exceptionally high for the deeper 
layers. ■" 

Special zones of Triodia decumbens, which is also of very restricted distribu- 
tion, occur on the heath but so far as all that have been sampled are concerned 
they coincide with those of Erica tetralix. 

At the end of the table (XV) figures are given for almost bare gravel 
patches on the land-slides at 4-5 J (see map) and for freshly burnt areas. 
The properties of burnt areas have already been fully discussed but the 
figures are interesting for comparison. The surface soil is less acid than that 
of any of the others except the bare gravel which is the most alkaline of all. 
Its frequent early colonisation by Molinia (cf. Fritsch and Parker (9)) there- 
fore becomes at first rather surprising since Molinia is normally associated 
with high acidity. This, however, appears to be rather a manifestation of 
tolerance than of preference and the association of Molinia with lower acidity 
when not in a definite somewhat marshy Molinia zone” is also well seen 
in its distribution along the 4 line (see Table II a), where it will be seen to 
coincide with the least acid zones. T. A. Jefferies (14) also observes that 
Molinia has a varied habitat, being associated with acid soils but also oc- 
curring in low-lying fens which are calcareous or neutral. It is therefore 
evidently tolerant of a wide range but in the present case is only associated 
with lower acidity when there is relatively little competition. It is at first 
a little surprising perhaps that the 9-inch layers of the bare gravel should 
be more acid than a corresponding depth of a soil bearing average C.U.E. 
The fact can only be attributed to the circumstance that the gravel, being 
nearly bare, is not subject to fires, so escapes their influence in periodic- 
ally replenishing the supply of bases and reducing the acidity. It is of course 
also subject to the reception of acid drainings from G.U,E. higher on the 
slope. 

The “Poor Calluna^^ zone at 25 25 Z is a small area which has stood out 
for many years as a zone of extremely poor vegetation, on which the soil 
has never become fully covered and bears practically only very poor Calluna 
plants which rarely exceed 5-6 inches in height. It will be observed that it 
is very poor in humus and especially in colloids as shown by the air-dry 
water content. It is also very poor in salts and the acidity is extraordinarily 
high (2*9). The reason for these characteristics is not apparent. 

Bare patches. It has been observed that on fired areas definite bare patches 
may persist for many years after all the surrounding soil is again completely 
covered with vegetation. Samples have accordingly been taken from such 
bare patches and from under the surrounding vegetation with a view to 
determining the differences to which they are due. Only two sets of deter- 
minations have been made in this direction and these are given below but it 
cannot be said that 
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patclies appear in the aggregate to be more acid than the surrounding soil 
though possessing less humus and being less rich in salts, but the results are 
not at all definite and too few determinations have been made. 


Salts 

T> ^ T, ^1490 
Bare patches ^2325 


Controls 


\3275 

ilOlS 



Humus 

34 

9-4 

3*3 

7-8 

3-4 

44-2 

3-65 

7-6 


Analyses fob Potassium and Aluminium. 

In a few cases potassium and aluminium were estimated with the object 
of determining the relative amounts of soluble potassium on burnt and unbiunt 
ground and on the tops and in valleys and of finding out whether the aluminium 
content bore any relation to the degree of acidity. Estimations were made 
on four samples from tops and on five from valleys, but the results were not 
sufficient to lead to any conclusions. The figures showed no relation between 
acidity and aluminium content, nor apparently does any relation exist between 
the contents in either potassium or aluminium and topographical position. 
An attempt has been made already by Burgess (4) to correlate aluminium 
contents and acidities in acid soils, but whereas some parallel could be observed 
when the soils were taken in groups, the mean aluminium content (388 ppm.) 
of soils with a more acid than 5 being greater than that (26 ppm.) of soils 
with a more alkaline than 5, there was, as here, no regular parallel in 
the individual cases. The percentages of potassium average roughly the same 
both for tops and valleys and in the main run parallel with the percentages 
of humus. If any of the soils investigated had been sampled at very short 
intervals after firing, for reasons already put forward under the effects of fires, 
it seems probable that even this rough relationship would not have been 
obtained. 

SUMMARY 

A systematic soil survey has been undertaken of the area on Hindhead 
Common indicated in the accompanying map and defined by Eritsch and 
Parker (9). 

Samples were taken at 100 feet intervals along certain transects across 
the area, and from certain special zones of which the vegetation showed 
characteristic features, and were analysed for humus, water content, hygro- 
scopic moisture, acidity, calcium, nitrates, total salts and in a few cases 
aluminium and potassium. 

The paper deals with the effects of wet and dry seasons, leaching and 
drainage efiects on slopes, the effects of fires, leaching on burnt ground, the 
process of recovery from burning, the alterations in some physical properties 
of the soil on burning and the soil characteristics of special ecological zones. 

The first characteristic of the soils in general is their very high acidity, 
the mean for an extract of 5 gm. soil in 20 c.c. of water being 34 for 
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2-incli depths and 3*9 for ,9-incli depths. The 9-inch depths are almost in- 
variably less acid than the 2-inGh. The range of is 3-9-~2-3 for 2-mcli 
depths and 4*7“3-l for 9-inch depths. 

In dry and wet seasons the greatest variations in the coefficient of humidity 
are found in surface layers on high ground and the least variations in surface 
layers in the valleys. The 9-inch depths are intermediate, the tops again 
varying more than the valleys. On old ground a wet season leads to a loss 
of salts by the tops and a considerable gain in the valleys. 9-inch layers, 
however, do not gain at the expense of the 2-inch layers. 

Fires lead to the destruction of 60 per cent, of the original humus in 
relatively young heath but only about 30 per cent, in older heath, where the 
soil is particularly rich in humus. The colloidal properties of the organic 
matter which remains are always much impaired. Drainage of salts into the 
valleys becomes more pronounced, and the 9-inch layers in the valleys at least 
do now show a considerable increase at the expense of the salts lost by the 
high ground and surface layers. The total salts are at first increased but are 
then rapidly leached out until well below normal. They continue to fall 
through further leaching until a late stage in recolonisation (possibly for six 
to eight years), when sufficient new humus is formed to check the process. 
The valleys are probably more hospitable for recolonisation through their 
higher salt content gained by this drainage. The acidity is always decreased 
by a fire and owing to the equalisation of texture becomes more similar at the 
2-inch and 9-mch depths. 

During recovery from burning there is a gradual increase in humus and 
acidity and lastly in salts. The increase in acidity is more rapid in the valleys, 
so that the bottoms of the slopes come again to be considerably more acid 
than the tops. A factor aiding the production of relatively high acidity in 
the valleys may be the reduction in the ameliorating drainage effects through 
the greater accumulation of humus. 

A method is developed for the quantitative evaluation of the extent of 
leaching and drainage effects on slopes as shown by the changes in the ratio 
of salts to humus at different levels. 

Laboratory experiments show that water and salts pass more readily 
through burnt than unburnt soils and that absorption of salts is diminished 
by burning. A greater loss by leaching and drainage would therefore be 
expected on burnt than on unburnt areas. This is found in practice. 

The soil characteristics of special ecological zones such as areas dominated 
hj Erica tetmlix, Ulex nanus ^ Pteris aquilina and Vaccinium or in which 
Molinia 01 Aira {Deschamfsia) jiexuosa become prominent features are 
briefly discussed and can be gathered from Table XV. 

The results for certain zones of poor vegetation, gravel and bare patches, 
and concerning the distribution of potassium and aluminium are also given 
in the text. 
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In conclusion my thanks are due to Professor Fritch, both for the facilities 
offered me and for his advice and criticism. I am also much indebted to 
Dr Salisbury, who has been occasionally troubled for the sake of his helpful 
suggestions, and to many of the advanced students of this Department, who 
have been of great assistance to me both in the laboratory and in the field. 
Lastly, many thanks are also due to Mr W. A. Glanville, formerly of the 
Engineering Department here, who has carried out a special survey of the 
Heath and prepared an accurate map of tlie paths and coiitourKS, a copy of 
which has been used in the preparation of Fig. 1. 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 


LITERATURE 

‘‘Soil Acidity and Nitrification.’ 


Ind. Agr. Exp. Sta. Bull, 


Abbot, Conner and Smalley. 

170 327 

Arrhenius, Olof. “The Potential Acidity of Soils.” Soil Science, 14, No. 3, 223, 1922. 
Bryan, O. C. “Effect of Acid Soils on Nodule Forming Bacteria.” Soil Sciencc,15, No. 1, 
37 1923. 

Burgess, Paul S. “A Comparison of Active Aluminium and Hydrogen Ion Concentrations 
in Widely Separated Acid Soils.” Soil Science, 15, No. o, 1923. 

Conner, S. D. “The Effect of Drainage on Soil Acidity.” Science, v. 46, No. 1188, 346. 
Conner^S.D. “Soil Acidityas Affected by Moisture Conditions of the Soil.” Jouni, Agr, 
i?e5. 15, 321, 1918. 

Deberain. “Nitrification in Arable Soils.” Exp, Sta, Bcc. v. 6, No. o, 353-366, 1884. 
Fred, E. B. and Davenport, Audrey. Journ. Agr, Ecs, 15, No. 8, 317. 

Fritscb and Parker. “The Heath Associations of Hindhead Common.” New Phytologist, 
12 1913 

(10) Fritscb. and Salisbury. “Further Observations on the Heath Associations of Hindhead 

Common.” New Phytologist, 14, 1915. ' . . 

(11) Hall A D., Miller, N. H. J. and Gimmingham, G. T. “Nitrification in Acid Soils.” 

p/oc. Noc. B. 80, No, 539, 196. 

(12) Healy, Daniel G. and Karraker, Perry E. “The Clark Hydrogen Electrode \essel 

and Soil Measnrements.” Soil Science, 'No. 

f'13'i Houzeau, Auguste, “Eaits pour servir a FHistoire de la Nitrification: comi>osition des 
Terreaux de Tantah.” Ann, Cliim. et Pliys. s. 4, t. 25, 161~167, 1872. Abstr. m Journ. 
iS^oc. V. 25 (n.s. V. 10), 465, 1872. 

Jefferies, T. A. “The Ecology of the Purple .Heath Grass.” This Journal, 3, 93, 1915. 
Jeffreys, H. “The Vegetation of Four Durham Coal Measure Fells.” This J oxjrnal, 4, 174, 
Jeffreys, H. “The Vegetation of Four Durham Coal Measure Fells, HI.” This Journal, 
5,129, 1917. ^ ^ 

Jodidi, S. L. “The Chemical Nature of Organic Nitrogen in Soil.” Iowa Agr. Exp. Sta. 
Bull No. I, mi. 

Jodidi, S. L, “ The Chemistry of Soil Nitrogen.” J ourn. of the Franhlin Inst.ilB, 483, 1913. 
Kelley, Arthur Pierson. “Soil Acidity, an Ecological Factor.” Soil Science, 16, No. 1, 
'1923, , 

Lipman, G. B, and Wank, M. E. “The Availability of Nitrogen in Peat.” Soil Science, 
18, No. 4, 1924. 

(21) McGool, M. M. and Wbeeting, L, G. “The Influence of the Removal of Colloids on some 
Soil Properties.” Soil Science, 18, No. 2, Aug. 1924. 

Noyes, H. A. and Conner, S. D. “Nitrates, Nitrification and Bacterial Contents of Five 
Typically Acid Soils as Affected by Lime, Fertiliser, Crops and Manure.” Journ. Agr. 
16, 27, 1919. 

Petit. “Nitrification dans les Terres humif^res acides.” Ann. Sci. Agroyi. ann. 30 (s. 4, 
ann. 2), sem. 2, No. 4, 397, 1913. Abstr. in Expt. Sta. Eec. v. 30, No. 5, 424, 1913. 
Robinson, C. S. “Organic Nitrogenous Compounds in Peat Soils, II.” Mich. Agr. Coll. 
Exp. Sta. Bull. No. 7, 1911. Reviewed by Herbert Philip in Journal of the American Pmt 
Society, 5, 101. 


(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

( 20 ) 


( 22 ) 

(23) 

(24) 



R M. Haines 


(25) Salisbury, E. J, “Stmtification and Hydrogen Ion Concentration of the Soil in B.elation 

to Leaching and Plant Succession with Special Reference to Woodlands.” This Jgxjek'al, 

, ; B, 220;192L::' ' 

(26) Temple. “IShtrifieation in Acid or Hon-basic Soils.” Ga. Agr. Ex^. Sta. Bull. 103., 1914. 

(27) Warrington, Robert. “Nitrification and Denitrification.” TJ.S. Def. Agr. Exp. Sta. Bull. 

■ , 8„ 42-76, '1892. ■ 

(28) Wberry, E. T, “ Observations in the Soil Acidity of Ericaceae and Associated Plants in 
the Middle Atlantic States.” Proc. Acad. Nat. Sci. Phladelpha, v. 72, 84-113, 1920. 

(29) White. “Nitrification in Relation to Reaction of the Soil.” Pe7i77s. Agr. Exp. Sta. Aim. 

Repl 70-80, 1913-1914. 




EPHARMONIC RESPONSE IN CERTAIN NEW ZEALAND 
SPECIES, AND ITS BEARING ON 
TAXONOMIC QUESTIONS 


(With twelve Figures in the Text.) 


A. INTRODUCTORY 

The development of genetics and of ecology in recent times is reacting 
strongly on taxonomy, and will have a more and more profound influence 
as accurate knowledge of organisms in the field and in the experiment garden 
increases. The problems of variation and the delimitation of species are being 
viewed from new angles, and systematic work is becoming increasingly 
coloured by the new conceptions, while the effect upon evolutionary specula- 
tion is no less evident. 

New Zealand floristic botany has been dominated by the conceptions of 
that ffincefs botanicorum, Sir J. D. Hooker, but admirable as are the floras 
produced under his inspiration it is becoming clear that a vast amount of 
intensive work lies before the taxonomists of the future, now that it is seen 
that variation cannot be accepted as a datum or put aside as a trifling matter, 
but must be analysed, as far as may be, according to its diverse causes. The 
dictum of Lotsy (20, p. 41), '‘inheritable variability does not exist,” must 
be proved or disproved — it cannot be neglected. Hooker (18, p. viii), from 
his extensive knowledge of plants the world over, both wild and cultivated, 
living and stored in herbaria, was led to conceive of species as being widely 
spread and very variable. He says (l.c. p. xiii) : " The result of my observations 
is, that differences of habit, colour, hairiness, and outline of leaves, and minute 
characters drawn from other organs than those of reproduction, are generally 
fallacious as specific marks, being attributable to external causes, and easily 
obliterated under cultivation. It has hence been my plan to group the indi- 
viduals of a genus which I assume after careful examination to contain many 
species whose limits I cannot define, that the species shall have. the same 
relative value as those have of allied genera whose specific characters are- 
evident.” As an illustration he takes Blechnum capense (Lomaria procera): 
‘"'The resident may find two varieties of this and of many other plants, re- 
taining their distinctive characters within his own range of observation (for 
that varieties often do so, and for a very uncertain period, both when wild 
and also in gardens, is notorious), and he may have to travel far beyond his 



own island to find tlie link I have found, in the chain of forms that unites the 
most dissimilar states of Lomaria procem; but he can no more argue thence 
for the specific difference of these, than he can for a specific difference between 
the aboriginal of New Zealand and himself, because he may not find inter- 
mediate forms of his race on the spot” (Lc, p. xiv). 

Eollowing these lines of thought taxonomists dealing with New Zealand 
material have tended to unite groups which, how^ever distinct their extreme 
members, are connected by a series of “intermediates,” the species then being 
spoken of as “variable.” Carried to its logical conclusion Hooker’s view 
justifies the action of Mueller (21, cited in 4, p. 446) in grouping together 
all the Australian and New Zealand, and most of the South American, gentians 
under the one name Gentiana saxosa ! The fact that we may find a form in 
South America that is a link ” missing in a chain of forms in New Zealand does 
not seem to prove anything, unless we know the causes operating in the two 
countries to produce the intermediates. Whether we give the Maori and the 
various types of Europeans in New Zealand varietal or specific status matters 
little. Intermediate forms are common enough, and the reason for them is 
well enough known ! The finding of a race having intermediate characteristics 
in, say, one of the Pacific Islands would be interesting, but would not explain 
away the half- and quarter-caste. 

However far from complete our analysis is, we now know that intermediates 
fall into several distinct classes. We have: (1) Aggregate species made up of 
a number of distinct microspecies — the Linneons and Jordanons of Lotsy 
(l.c. p. 27)— that remain constant when self-fertilised; e.g. certain varieties 
of Hehe salicifolia (11, p. 200). Into the vexed question of their origin, w^hether 
mutational or what not, we need not here enter. (2) Groups in which the 
intermediates are apogamous races, whether their origin be by hybridisation 
or not, e.g. certain forms of Erophila verna (22, p. 11). (3) Groups of inter- 
mediates due to hybridisation. These groups may be {a) inconstant forms, 
not breeding true, e.g. x Ooprosma Cunninghmnii {2, p. 310), or (&) constant 
forms, breeding true^. (4) Groups of intermediates due to epharmonic response 
to environment. Possibly in certain cases such intermediates may ultimately 
become constant, or certain of the forms may, as suggested by Cockayne 
(10, p. 25) for Edwardsia prostrata. (5) Groups in which individual differences 
occur that cannot at present be assigned to any known cause. In general, 
e.g., the juvenile form of Aristotelia fruticosa can be correlated with its en- 
vironment as epharmonic, but the wonderful minute differences in leaves on 
individual plants defy analysis (Fig. 1). It is easy but not enlightening to 
speak of them as “fluctuating,” “spontaneous,” and so forth. When A. serrata 
occurs in company with A. fruticosa forms of the hybrid x A. Colensoi will 
be met with, and the confusion becomes worse confounded. 

^ vSucli suj)posed. “constant hybrids” need critical examination. The example of xGeum 
intermedium, alleged by BlaringliBin (3, p. 322) to be constant, is said by Weiss and Rosen 
{Nature, 4th Oct. 1924, p. 500) to sliow distinct segregation of characters in F 2. 
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In nature these groups may be almost indissolubly entangled, but field 
studies supply many clues as to the most profitable lines of research in any 
particular examples of groups of intermediates met with, and it is no longer 
possible to rest content with a simple description of the polymorphy that 
exists, or with a statement that the species is very variable. And while Hooker’s 
position as regards “links,” and as to hybridisation (Z.c. p. xv), is no longer 
tenable, it remains true that the essay of 1853 still repays careful reading. 

Readers who wish to review the present state of our knowledge of these 
matters in the New Zealand flora, should consult Cockayne s important 
papers and books ( 6 - 16 ). It may, however, be well to indicate here the exact 
standpoint of Cockayne by citing certain of the principles laid down by him 
as a guide for the establishment of species or varieties ( 13 , p. 161): “(1) The 
starting point in the setting-up of species is the individual. (2) Groups of 
individuals which resemble one another in every character and reproduce 
their like, subject, of course, to unfixed fluctuating variations, constitute 
specific units and may be designated ‘microspecies.’ (4) Two or more closely 
related microspecies may be united into a group for the sake of: (o) convenience 
in identification, (b) emphasizing the close relationship of minor groups 
(microspecies), (c) phytogeography. (5) Such a major group as constituted 
in (4) forms an aggregate or collective species. (15) In certain cases groups, 
otherwise well defined, seem to be united by ‘intermediates’ which cannot 
be joined to such groups or made into one or more species. Such ‘interme- 
diates,’ according to the teachings of genetics, may be assumed to be hybrids 
between microspecies.” 

The following sections deal with certain examples of epharmonic response, 
roughly classified, that have come under my observation, and that bear on 
the questions raised in the introduction. The subject deserves extended 
study and would repay monographic treatment. I use the term epharmony 
to apply to all changes in the form of an organism traceable to varying 
conditions of the environment. 

B. CHANGES IN LEAP SIZE, SHAPE AND TEXTURE 

(a) Ranunculus Mowrof var. dentatus. Kirk ( 19 , p. 9) relies on the fol- 
lowing leaf-differences in separating the variety : R. Monroi, leaves rounded 
reniform or nearly orbicular or ovate; crenate or crenate-dentate; glabrate 
or sometimes silky or villous — var. dentatus, leaves broadly ovate or ovate- 
lanceolate; crenate, lobed, or dentate; clothed on both surfaces with strigose 
ferruginous pubescence. Cheeseman (4, p. 12) accepts the variety, and only 
refrains from creating it a species owing to the “occurrence of numerous 
intermediates.” 

On Mt Peel, Canterbury, grows a planb referred to the variety, as a rock- 
plant from c. 950 m. upwards, descending along streams to much lower 
elevations. The changes in size and in the degree of tomentum on the leaves 
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is most striking, as shown in the following table. A complete series of inter- 
grading forms can be found according as the degrees of shelter, shade, root- 
room, and moisture change. Moreover I have produced similar changes in 
garden-grown specimens from the various habitats. Plants, also, taken from 
the rocks and replanted in a sheltered nook by a stream-side, grew in the 
course of two seasons into forms indistinguishable from those of plants growing 
naturally in the same spot. A plant intermediate between C and D of the 
table planted among the summit rocks grew into a form closely approximating 
to A. 

Epharmony in Hook. f. 

Specimen from exposed Specimen from sheltered Specimen from stream- Specimen from stream- 
rock-cleft c. 1300 m. rock-cleft c. 1300 m. side c. 900 m. side in shade c. 850 m. 

■ A ■ ■ B . C ■ ' I) ■ 

Leaves 3-5 cm. by 2-3'5 cm. 5-8 cm. by 7-9 cm. 7-12 cm. by 7-10 cm. 10-13 cm. by 8-11 cm. 

Coriaceous, broadly Sub-coriaceous, broadly Rather fleshy to sub- Thin and membranous, 

ovate, crenate ovate, crenate ‘ membranous siib-ro- similar to G, but larger 

fund, cordate, crenate and more irregular 

Tomentum extremely Tomentum similar to Tomentum below much Tomentum reduced to 
dense; below of shaggy A but less dense and less dense; pale below, very scant hairs below, 

appressed ferruginous paler below, above above of only scattered glabrous above 

\l hairs, above of long scattered long pale hairs 

pale hairs hairs 

Petioles 1-3 cm. 4— 7 cm. 7-10 cm. 10-20 cm. 

Densely clothed with Similar to A ; sheathing- Similar to A; sheathing- Rather densely clothed 
f ^ ferruginous hairs; base 1—1*5 cm. by base 1—2*5 cm. by with brownish hairs to 

sheathing-base 0*3- 2-2*5 cm. 3-5 cm. glabrate; sheathing- 

0*5 cm. by 1*5-2 cm. base 2-3 cm. by 3-0 cm. 




Scapes 7-9 cm. 15-20 cm. 15-30 cm. 20-40 cm. 

Simple or once-branched Sparingly branched to- Several times-branched Much-branched, sub- 
tomentum dense, pale mentuin similar to A tomentum less dense corymbose tomentum 

brown reduced to sparse pale 

hairs ^ 

Bbacts 0*5~1*5 cm. 1-3 cm. 3-4 cm. 5-6 cm. 

Linear to linear-lanceo- Linear, lower slightly Louver deeply iobed All except uppermost 
late lobed deeply lobed 

Sepals 6-8 mm. 7-12 mm. 10-13 mm. 10-15 mm. 

Dense pale-brown pu- Pubescence hardly Pubescence similar to B Pubescence reduced to 
bescence below dense, still paler scant jjalc hairs 

Petals 9-12 mm. 9-12 mm. 10-15 mm, 10-15 mm. 

It will be seen that as far as the Mt Peel plants are concerned Kirk’s 
points of difference fall to the ground, unless by variety we merely mean an 
unstable form. This does not prevent the possibility of R. Monroi being an 
aggregate species, but proves that herbarium specimens alone cannot settle 
such questions (Figs, 2, 3). 

Similar inter-grading forms were observed in the case of Senecio bellidioides, 
some answering to the description of var. glabratus (19, p. 339), but clearly 
related to their environment. Some subalpine forms of AnisoLonie aromalica 
are only distinguishable from A. imbricata by the characters of the fruit. 

The var. incisa, of the former species, distinguished by its fiabellate or rhomboid 
leaves, is certainly a microspecies, but I have been able to alter its leaf- 
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lias led to these two species not having intermingled, although they approach 
in places to within only three or four miles from one another at the most; 
and it shows, moreover, how an apparently unimportant character may 
govern the climatic distribution of a plant. It may also be pointed out that 
both forms thrive equally well side by side in lowland gardens where the 
rainfall is slight, and the characters of each, so far as I have been able to 
ascertain, remain unchanged.” 

Now P. ribifolius is a plentiful plant on Mt Peel, forming groves at eleva- 
tions above the general forest lihe, and descending as occasional plants into 
the, forest of the upper plains. The forest is true rain-forest, and the environ- 
ment perfectly suited to P. Lyallii, but it does not occur. In dense shade 
by the sides of streams the Mt Peel plant, elsewhere typical ribifolius, becomes 
a shrub the leaves of which are almost identical with those of P. Lyallii, 
being much more acuminate, and having the pubescence practically confined 
to the veins. Barely one finds specimens showing both forms of foliage. It 
would seem that research is required to determine whether we are not, after 
all, dealing with a species sufficiently plastic to adapt itself to the very 
different conditions of habitat in which the two forms grow. It may be that 
we have here an example of an epharmonic variation that has become fixed, 
or almost so, but the question as to the taxonomic status of the two forms 
seems still open. 

(c) Olearia capillaris. This species is treated by both Kirk (19, p. 268) 

and Cheeseman (4, p. 286) as a variety of Olearia arborescens, the latter writer 
stating (5, p. 88): ‘Hhe variety although remarkably distinct in its 

extreme form, can be traced step by step into the ordinary state.” As stated 
by Cockayne ( 16 , p. 117) the ‘'steps’’ are almost certainly due to hybridisa- 
tion. Olearia capillaris, ii that name be confined to the “extreme form,” is 
a semi-divaricating shrub with leaves ± 7 mm. long, while 0. arborescens 
is a bushy tree, with leaves ± 50 mm. long. 

At the same time 0. capillaris is remarkably responsive to environment. 
Whereas the adult has leaves 5-7 mm. by 6-8 mm., broadly ovate or sub- 
orbicular in outline, with sinuate margins, juvenile plants growing in dense 
forest shade are of open habit, sparingly branched, with much larger leaves, 
18-30 mm. by 20-36 mm., having crenate-sinuate margins. The branches are 
often, more or less prostrate and rooting. Where both parents occur, there will 
occur the hybrid forms, and the -status of individual juveniles will become 
very difficult to determine. It is obvious that taxonomists have here a group 
that must be taken to the experiment garden to be discriminated (Pig. 5). 
Large-leaved juveniles growing in my garden are now producing leaves of 
adult size and form. 

(d) Olearia virgata. This s'pecies has been described by both Kirk (19, 
p. 276) and Cheeseman (5, p. 19) as very variable, and several varieties have 
been created. It is undoubtedly a big and difificult aggregate group, one race 
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of which has been segregated by Cockayne (9, p. 173) as 0. lineata, a course 
which field evidence strongly supports, and further segregations will certainly 
be made. Nevertheless certain forms are very plastic, and the epharmony 
of the aggregate requires investigation before an intensive treatment can be 
satisfactorily carried out. 

In the rain-forest climate of Feilding, North Island, a very distinct- 
looking form grows as a forest-margin plant of rather densely divaricating 
habit. It is also prominent in certain swamps. The leaf-blade is coriaceous, 
quite flat, or the margins minutely recurved. The leaves are glabrate above, 
and clothed in dense, appressed tomentum below. They average 3 mm. by 
6 mm., with petioles of 2 mm. One rather large specimen, growing under 
trees of LejJtospermuM ericoides, had been cut down and was regenerating from 
the base. The shoots were erect, sparingly branched, and the leaves thin and 
flat, averaging 8 mm. by 16 mm., with petioles up to 12 mm. The upper 
surfaces were glabrous, and the lower only thinly pubescent. A cutting from 
this has reverted in my garden in a single season to a widely divaricating form 
with leaves precisely similar to that of the ordinary form (Fig. 6, a). 




G. IN-ROLLING AND FLATTENING OP LEAVES 
(a) Olearia virgata var. A distinct microspecies from the one referred to 
above is common in the tussock-grassland and swamp at Mt Peel. It is a 
rather densely divaricating shrub with branchlets slender and clothed with 
dense white pubescence. The leaves have strongly recurved margins, so that 
they become linear and semi-terete in gross outline, resembling but much 
shorter than those of 0. lineata. They are collected mainly in opposite fascicles 
on short arrested branchlets, are dark green above with many rather long soft 
hairs, and are densely covered below with white tomentum, among which 
are numerous scattered long hairs similar to those of the upper surface. The 
average measurements are 1-6 mm. by 7 mm., with petioles 2 mm. When 
forced flat the blades are 3 mm. wide. 

Plants are occasionally met with growing in forest shade a little way 
from the TnaT g in The effect of the environment is to give the plant so different 
an appearance that it was considered by a prominent New Zealand taxono- 
mist to be an undescribed species, till specimens were obtained showing that 
it was another ease of unfixed epharmonic response. The branches lose their 
divaricating habit, and the plant becomes a lax open shrub with scanty pubes- 
cence on the branchlets. The leaf-bearing branchlets lengthen out, separating 
the opposite pairs of leaves, which become perfectly flat and average 8 mm. 
by 17 mm., with petioles of 3 mm. The upper surfaces carry few or no hairs, 
the pubescence beneath becomes thinner, with only few scattered long hairs. 
The leaf-tip becomes minutely apiculate, instead of merely acute. 

Specimens were found on the adjacent grassland showing every gradation 
of leaf-form and size. These plants were surrounded by a dense growth of 
Joum. of Ecology XIV ® 
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tussock-grasses and Blechnum capense. Shoots growing amidst the grass and 
fern had leaves identical with those of the forest form, and were succeeded 
above by a series becoming gradually smaller and more recurved as the 
branches reached above the surrounding vegetation, till the uppermost parts 
of the shrubs assumed the divaricating form of the open grassland. Plants 
of the latter form cultivated under shade changed into that of the forest 


li'iG. 7. Left — normal shoot of Olearia Solandri, x 2. Right — rcvc^rsion shoot from 
same plant, nat. size. 

(b) Olearia Solandri, This species, similar in many respects to 0. virgata 
but of different habit, is marked by the golden tomentum of the branchlets. 
The tomentum of the under-suxface of the leaves is also said to be pale yellow, 
but it is white in all specimens examined by me. This yellow tomentum 
is often very deep toned in seaside plants, but is paler on inland ones, and is 
also less viscid. The leaves are linear or linear obovate, with mid-ribs prominent 
below and much recurved margins. They average 5 mm. in length, including 
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the petiole. Plants growing in the shade of LeptoS'permuni thickets have rather 
larger leaves, less recurved, and with thinner tomentum. The colour of the 
branchlets is very much paler. Ee version shoots may sometimes be found 
near the base. These are slender, erect, with thin white tomentum. The leaves 
are fiat with very thin white tomentum below, and average 20-30 mm. in 
length (Fig. 7). 

(c) Par<Urophis opaca. This species was accepted by Clieeseman with 
considerable hesitation (4, p, 633) as intermediates exist between it and 
P. micTovJiylla. The former has leaves ± 10 cm. long, the latter i 2 cm. 


Fic. 8. Normal and rolled-leaf forms of Paratrophis from the same plant, 


and with a distinct juvenile small lobed-leaf form. The intermediates are 
almost certainly hybrids, but there is considerable reduction of size in leaves 
of P, opaca on trees growing in exposed situations. The form illustrated 
(Fig. 8) is probably a hybrid. Sheltered leaves are ± 3 cm., thin in texture, 
flat; leaves on the upper part of the shrub, exposed to salt gales, are of the 
same size, but more coriaceous, with the margins much recurved, often right 
to the mid-rib. They are also sub-erect on the branchlets, not spreading. 
I have observed only the one plant of this form showing leaves both flat and 
recurved, but in the same locality — Titahi Bay, west coast north of Wellington 
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— a similar recurving was noticed on specimens with leaves nearly approacHng 
those of P. opaca in size. , 

In these cases the leaf -inrolling is unfixed, the plants responding directly 
to the changed conditions, but in the case of Olearia nummularifoUa and 
0. cymhifolia it is possible that an originally epharmonic change has become 
fixed. The latter differs from the former in having much recurved leaf-margins, 
and is treated as a variety of 0. nummularifolia by both Kirk (19, p. 273), 
who suggests that it “^appears to be a depauperated condition, largely caused 
by the ravages of insects,’’ and Cheeseman (4, p. 290), who speaks of its dis- 
tribution as local. 

Cockayne has been able (14, p. 72) to flatten the leaves in moist-air 
cultures. He also considers (16, p. 127) that hybrids between the two occur 
wild. Evidently further work is desirable on these two species. 


D. THE ASSUMPTION OF THE LIAKOID HABIT 


(a) Senecio sciadophilus, a species occurring in a few scattered localities 
in the South Island, is of interest from the varieties of habit it assumes, 
though it raises no taxonomic difficulties. The following description is drawn 
up from observations at Mt Peel. The seedling has leaves spirally arranged, 
tri-lobed, or rarely tri-foliate, with the toothing of the edges less marked than 
in the adult. The slender stem may commence twining if situated near a slender 



support, but more commonly flexes over and grows along the ground, with 
ascending tip. The leaves then formed have the orbicular, coarsely toothed 
adult form, and the spiral arrangement becomes obscured by the twisting 
of the petioles. The stems branch freely, root at the nodes, and form a loose 
mat. The branches grow over logs or low shrubs in a tangled mass, or if the 
bush is taller ascend in a slightly twining manner and form a scrambling cover 
to the shrub. Long semi-erect shoots grow out, and, meeting a suitable support 
twine vigorously, or, failing support, incline over and are added to the general 
mass. Such shoots may even again reach the ground and take root. Short 
side shoots grow erect and bear the flowers. The twdning is both sinistrorse 
and dextrorse, the former being more common, and these shoots may reach 
to the top of tall shrubs, there again to develop a scrambling mass of flexuous 
stems (Fig. 9). 

(b) Fuchsia Oolensoi is one of the “very variable” species of the floras. 
Much of the polymorphy can be traced to hybridisation with the tree, Fuchsia 
excofticata, but there are also probably distinct microspecies, and there may 
well be, as suggested by Cockayne (10, p. 21), climbing and non-climbing 
races. The form found at Feilding, which I have briefly described elsewhere 
(1, p. 403), is always a scrambling liane, there being no intermediates where 
F. excofticata is absent. The plant when growing in the open forms mounds of 
interlacing stems, thus agreeing exactly with the behaviour of species of RuU, 
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as described by Cockayne (10, p. 22), and differing from tbe Soutli Island 
twiggy shrub of the grasslands. 

(c) Certain herbs. Lobelia anceps a variety of forms consonant 

with its habitats. The salt meadow plant is usually subereot, rather stout, with 
rather large succulent leaves. Growing on banks and cliffs it becomes prostrate 
or drooping, and with suitable substrata the stems root freely at the nodes. 
Inland forms are more slender with thinner leaves. Growing under shrubs 
the plant may be met with as a small scrambling liane with weak slender 
stems up to 1 m. long and very sparingly branched. Field studies thus suggest 
that we have one very plastic species, and not a series of microspecies, but 
experimental study is required. 

Stellaria farvifiom. This is usually a small diffuse herb of the forest-floor, 
sometimes, however, forming dense matted patches. At the forest margin I 
have noted it assuming the lianoid form on shrubs and small trees. The 
ascending tips of the stems turn up through twigs and the internodes elongate. 
Slender side branches droop from these and help as supports, while short 
roots are given off at the nodes and may ensconce themselves in crevices 
and afford a firm support. The tallest example I have noted reached over 
1 m. high, but usually it is much shorter. 

Acaena Sanguisorhae. Several varieties of this aggregate are able to 
become small Hanes. In its usual growth-form the species is a creeping and 
rooting semi- woody plant forming loose mats. In rain-forest climates the 
plants, when growing amongst small bushy shrubs, become lianoid, the tips 
of the stems growing up through the branches as searcher-shoots. On reaching 
the upper part of the bush these stems branch, scramble over the shrub, and 
may again incline downward and take root. Such stems are often ± 2 m. 
in length, with sometimes abortive roots at the nodes. 

The case of the exotic grass Agrostis tenuis may be mentioned, its behaviour 
resembling that of Acaena Sanguisorhae, and occurring in similar situations. 
Sparingly branched stems over 2 m. long may be found growing over 
shrubs on the outskirts of forest. 

E. THE CREEPING AND ROOTING HABIT 

(a) Myrtus pedunculata. As pointed out by Cockayne (8, p. 19) Myrtus 
pedunculata and Leucopogon fasdculatus are examples of shrubs that have 
an erect bushy form, and also a prostrate one. In part such changes of form 
are unfixed epharmonic responses, but there are cases that are difficult to 
explain on this ground, and a critical study of the matter is much required. 
M. pedunculata is an aggregate species, there being very distinct varieties 
among the erect forms. It may well be that certain creeping forms are micro- 
specific. In the Southern Beech forest of North-west Nelson there occur 
patches several square miles in area composed of the decumbent stems of 
M. pedunculata, connected below by far-spreading, branching, horizontal 
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these develop mimatiire tHckets of erect bushy stems, the 
> dying away. With the growth of the erect stems, and the 
le, open patches of shrubs are formed that could easily be 


Fic. 12. Normal and shade leaves of Coprosma propinqua var. from the same plant. 

mistaken for individual plants were the sequence not studied. In other 
forests erect forms occur in which no trace of a creeping habit can be found. 
Chjathodes acerosa, too, may form open mats, or dense bushes, the two 
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forms sometimes growing alongside one another. The plienomenon seems much 
rarer in this species than in either M. pedunculata or L. fasciculatus, so far 
as my observations go. 

A case that is certainly unfixed epharmonic response is that of Helichrysum, 
glomefatum. This is usually an erect bushy shrub, but in dense forest shade, 
an unusual station, I have met it as a decumbent shrub, the long trailing 
branches rooting freely where they touch the ground. 

(b) Goprosma propinqua var. Cockayne (7, p. 378) has described the 
epharmonic response shown by C. propinqua a coastal plant. “This shrub, 
in its usual stations, such as lowland or subalpine scrubs and fresh-water 
swamps, is erect with numerous more or less divaricating branches. But 
when it grows on the coast. . . .it is usually much 'wind-shorn’ and frequently 
quite prostrate, being flattened against the rocks which emerge from the peaty 
ground, and clinging closely to their surface. But all transitions may be seen, 
from the wind-swept plant to the normal, and there is no reason to expect 
that the former form is in any way hereditary.” I have been able to study 
these changes in a variety of C. propinqua growing on Kapiti Island. The 
prostrate form grows on the large shingle banks of the coast, and the stems 
do not strike root. Probably the insolation has much to do with the growth- 
form. On the lee sides of the shingle banks the plants are less prostrate, and 
on the forest margin are of ordinary divaricating form. Growing in the shade 
the plant becomes open with much larger leaves (Pigs. 10, 11, 12). Cockayne, 
however, has shown (7, p. 379) that the prostrate form of the species growing 
on Chatham Island retains its habit even under cultivation in sheltered 
positions, and considers that there is here evidence as to fixation of acquired 
characters. 

(c) Hierochloe redolens. The segregation of the microspecies of this aggre- 
gate is complicated by the presence of epharmonic forms. The following growth- 
forms were noted at Mt Peel. In the tussock-grassland the species is generally 
a robust semi-tussock grass, but when growing on the trunks of Carex secta 
in swamps, it is reduced to loose tufts. On steep moss- covered banks over 
which water trickles it is a tuft-plant with long flaccid drooping leaves. In 
the stretches of Blecfmum capense on the open hill-side there is a form with 
well-developed rhizomes, the plant covering considerable patches. 

T. FLOWEEING JUVENILE FORM 

Of the 200 or more species of New Zealand plants that have a juvenile 
stage very distinct from the adult, a certain number have been observed to 
flower both on the adult and on the persistent juvenile base, or on reversion 
shoots of juvenile form. Dracophyllum longifolium was observed by me to 
flower while still in the juvenile form. The differences between the juvenile 
with its long, spreading leaves, arching downward, and the adult with smaller, 
narrower, stiff, erect leaves, are very pronounced. Plants that invade the 
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upper forest margin from tlie lower subalpine shrablands at Mt Peel retain 
tbe juvenile form of leaf for long periods. Tbe growth-form is no longer fasti- 
giate, the plant becoming a shrub about 2 m. tall, with spreading naked 
branches, ending in rosettes of leaves of the juvenile form. In this condition 
the plant flowers and fruits freely. A taxononoist dealing with the two 
flowering forms, and not knowing the life-history of the plant, would certainly 
consider them two distinct species. Pennantia corymbosa also flowers while 
still in the juvenile stage, apparently rarely, though specimens flowering on 
the persistent juvenile base and on the adult portion are more commonly 
met with. 


G. COLOURATION PHENOMENA 



Very little work has been done in New Zealand on colouration as affected 
by environmental conditions, but although we have little suggestion of the 
beautiful autumn colouration of other lands there is much interesting material 
awaiting study by the ecologist and physiologist. Here a few points germane 
to this paper are noted. 

(a) Azolla mhm. Plants of this species growing in shade have the leaves 
a beautiful sage-green. Such plants brought into the light rapidly turn the 
usual reddish colour. A number of other species could be cited showing similar 
epliarmonic colour reactions, e.g. the bronzing of leaves of Rubus S'ubpauperatus 
in winter, the purple colouration of Agrostis siibulata in exposed subalpine 
stations. Not the least striking is the purple form of the exotic Cemstkim 
vulgatum in fell-field. 

(b) Schoeniis pauciflonis. Growing in the sun-exposed swamp or bog this 
species has erect reddish stems, and when dominant forms conspicuous patches. 
It is also to be found along stream-beds and on wet rocks, where, if in shade, 
the stems are a deep green and often of a drooping habit. This change may be 
easily induced by transplanting. But, rarely, in the swamp one meets with 
plants devoid of the red colouration, growing alongside those of the usual hue. 
A study of these may show that there are two distinct varieties with constant 
colour differences, one permanently green, the other able to assume the red 
colour. 

An analogous case is that of Epilobium melanocaulon, a plant of debris 
slopes on the high mountains, where forms with the ‘'typicaP’ blackish stem 
and dark red leaves may be found growing alongside others with greenish 
stems and gray-green leaves. There is little doubt that these forms are constant 
varieties, but a physiological examination of the plants should give valuable 
results. 

(c) Coprosma brunnea and C. acerosa are two closely allied species differing, 
among other things, in their colour. The former, an inland plant of dry stony 
situations, has dark brown leaves and stems, the latter, confined to the coast- 
line, has yellowish stems and yellow-green leaves. Leaves in the interior of 
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the bush, in both species, are sometimes quite green. These species illustrate 
excellently the futility of relying upon herbarium specimens alone in drawing 
up diagnoses and deciding specific status, dried specimens having much the 
same colour in each case, and other differences being obscured. A fuller 
consideration of these forms is to be published elsewhere. It would seem well 
worth while to grow each in the station of the other. 

(d) Geum parviflorum usually has green leaves. Specimens gathered by 
me high up in subalpine herb-field had deep-bronze coloured leaves. These 
plants cultivated in the lowlands retained their colouration for two seasons, 
and then gradually assumed the usual green tint. This experience suggests 
both that epharmonie responses may tend to fix themselves, and that one 
should not too hastily assume that any particular character is permanent. 


H. CONCLUSION 


These examples of epharmonie response in plants, together with those 
recorded in the literature cited, and with others that are accumulating, afford 
evidence that the taxonomist dealing intensively with species has a most 
difficult task, and that he must base his decisions regarding critical forms not 
solely upon herbarium specimens, but must take field and experimental 
studies into consideration, and bear in mind all the lines of work indicated 
in the introduction. In this critical taxonomy the phenomena of epharmony 



take a prominent place. It is the merit of the ecological outlook that it 
reinforces all branches of botany, freshens their outlook, raises new problems, 
helps the specialists to get a vista of the science as a whole, and provides 
a basis for the synthesis of their results. While Hooker’s remarks as to the 
effect of cultivation in changing the form of plants are eminently true, the 
same responsive changes to environment are found in wild plants, and must 
be reckoned with. It is evident that so far from the flora of New Zealand being 
well known we are only at the beginnings. The labours of the past have 
furnished us mth the rough working knowledge on which to build the finished 
structure. 

Du Rietz ( 17 , p. 112) has said, ‘'Eine sehr produktive pflanzensoziologische 
Schule ist auf Neu-Seeland von L. Cockayne gegriindet worden,” and, as a 
humble member of that school I may here be permitted to pay tribute to my 
friend and master the founder, who has given me unstinted help and critical 
encouragement since, under his inspiration, I took up the study of botany. 


Figures 2, 3, 5, 6, 12 from photographs by B. Hobday. 





LITERATURE REFERRED TO. . 

(1) Allan, H. H. “The Forest Remnants in the Neighbourhood of Feilding.” Rep. Aust. Ass. 

, .Adv.mi6,402,1923. 

(2) Allan, H. H, “On the Hybridity oi Coprosma CunmngJiumii Hook, f.” N.Z. Journ. Sci. 

and Tech. 6, 310, 1924. 

(3) Blaringhem, L. “Nouvelles Recherchessurles Hybrides.” Oompt. Rend. Assoc. Frangaise 

Adv. Rci. 46, 322, 1923. 

(4) Glieeseman, T. F. Alanual of the New Zealand Flora. Wellington, N.Z., 1906. 

(6) Gheeseman, T. F. Illustrations of the Neto Zealand Flora. Wellington, N.Z., 1904. 

(6) Gockayne, L. “An Enquiry into the Seedling Forms of New Zealand Phanerogams and 

their Development.” Trans. N.Z, hist. 33, 265, 1901. 

(7) Gockayne, L. “Note on the Behaviour in Cultivation of a Chatham Island Form of Coprosma 

propinqiia A. Ciiiin.” Ibid. 39, 378, 1907. 

(8) Cockayne, L. Report on a Botanical Survey of the Tongariro National Parle. Wellington, 

N.Z., 1908. 

(9) Gockayne, L. “ Some Hitherto-unreeorded Plant-habitats.” Trans. N.Z. Inst.^Z, 169, 1911. 

(10) Gockayne, L. “Observations Concerning Evolution, derived from Ecological Studies in 

New Zealand.” Ibid. 44, 1, 1912. 

(11) Gockayne, L. “Notes on New Zealand Floristic Botany, including Descriptions of New 

Species, etc.” Ibid. 48, 193, 1916. 

(12) Gockayne, D. “A Consideration of the Terms ‘Species’ and ‘Variety’ as used in Botany, 

with Special Reference to the Flora of New Zealand.” Ibid. 49, 66, 1917. 

(13) Cockayne, L. “Notes on New Zealand Floristic Botany, including Descriptions of New 

Species, etc.” Ibid. 50, 161, 1918. 

(14) Gockayne, L, New Zealand Plants and their Story. 2nd ed. Wellington, N.Z., 1919. 

(15) Gockayne, L. Die Vegetation der Frde. XIV, Vegetation of New Zealand. Leipzig, 1921. 

(16) Gockayne, L. “Hybridism in the New Zealand Flora.” New Phyt. 22, 105, 1923. 

(17) Du Rietz, G.E. Zur methodologischen Crundlage der modernen Pflanzensoziologie. Upsala, 

1921. 

(18) Hooker, J. D, Introductory Essay to the Flora of New Zealand. London, 1853. 

(19) Kirk, T. The Students' Flora of N ew Zealand and the Outlying Islands. Wellington, N.Z., 

1899. 

(20) Lotsy, J. P. Evolution by Means of Hybridization. The Hague, 1916. 

(21) Mueller, F, von. The Vegetation of the Chatham Islands. Melbourne, 1864. 

(22) Scott, D. H. Extinct Plants and Problems of Evolution. London, 1924. 


CHARACTER AND CONDITIONS OF LIFE 
OF MARINE PHYTOPLANKTON 

By BLODWEN LLOYD. 

{With five Figures in the Text,) 

CONTENTS. 

PACE 


I. iNTBODUCTORy . - . 92 

II. Chiee Oecue-isms op the Phytoplankton 92 

III. Biology op the Phytoplankton 96 

IV. Exteknal Conditions 100 

V. Evolution op the Plankton Diatom Poem 103 



L INTRODUCTORY 

Ttose free-floating unicellular plant organisms grouped collectively as 
pliytoplankton comprise a plant-community as well-marked as tliose of ter- 
restrial macropkytes. However, altliougli plankton species have been recorded 
as early as the latter part of the eighteenth century^, their evaluation as a 
distinct ecological unit dates from comparatively recent years. 

This intensive study has been of later years largely a response to a growing 
realisation of their importance in the economy of the sea. Here, as on land, 
the synthesis of the carbohydrates and proteins necessary for animal nutrition 
is confined to the green plant organisms, which are thus the ultimate source 
of such organised foods. The whole varied range of animal life is therefore 
dependent on the two plant-associations found in the sea, namely : (i) the 
littoral forms, consisting largely of fixed macrophytic algae with also a small 
proportion of creeping benthic forms, and (ii) the phytoplankton. Now 
although the former may support a rich fauna locally, their activities are 
restricted to a comparatively narrow zone fringing the seas, whereas the 
latter are almost ubiquitous. It follow^'s then that the phytoplankton is the 
more important unit in considering the organisation of complex food-materials 
from simple inorganic substances in the sea. 

II. CHIEF ORGANISMS OF THE PHYTOPLANKTON 

Among the phytoplankton, somatic organisation has not proceeded beyond 
the stage of the single cell as the complete individual. Within such a soma- 
tella’’ (7), however, we may have a high degree of specialisation for locomo- 

^ Biddulpliia (Conferva) hiddulphiana, described by Smith, 1762. Cerafiwm (Cercaria) tripos, 
described by O. F. Muller, 1781. 
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tion, flotation, nutrition. Even where a social habit is adopted for better 
flotation, each cell retains its physiological independence. 

Of those species which have succeeded in maintaining an existence in the 
free-floating habitat, by far the greater number belong to the Diatomaceae 
or the Dinoflagellata. The former are the more abundant in North temperate 
and polar seas, particularly in spring and autumn, while the latter abound in 
warmer regions. 

(i) Diatoms. 

The plankton diatoms exhibit great variety of forms, most of which are 
variants of the centric type, and are symmetrical either radially or about a 
median plane. Coscinodiscus, one of the simplest and commonest species, is 
almost drum-like in shape, the numerous discoid chloroplasts lying along the 
inside of the frustule-wall, and the nucleus being suspended in the centre by a 
densely granular protoplasmic bridge. This genus consists in all of some 45 
species, including some of the largest diatom species (Fig. 1 i). 

Several other common species are developmental forms from, the Coscino- 
discus-ij-^Q] in TJialassiosim the frustules are connected by a single mucila- 
ginous thread (Fig. 1 j), and in Coscinosira by several, secreted at adjacent 
valve faces. Other diatoms with circular regular valve view are: Paralia, 
where the frustules are strongly striate and adherent in long filaments; 
Bacteriastrum (Fig. 1 k) and Corethron, characterised by a ring of radiate 
setae around each valve ; and Stephano 2 oyxis, another filamentous form, bearing 
a corona of protuberances at the apex of each valve (Fig. 2 c). 

Ghaetocems is a very varied genus of over a hundred species. The principal 
feature is the development on each valve face of a pair of hollow outwardly 
curved setae. These usually interlock with those of the neighbouring frustule, 
the terminal setae of a chain often being markedly distinct from the others. 
There does not, however, appear to be any plasmatic connection between the 
frustules. Ghaetocems is the only important genus which exhibits to a marked 
degree the social habit, but it seems thus to be well-adapted for flotation in 
the topmost water layers. Other forms also found floating in the upper surface 
waters are the numerous species of Rhizosolenia. These have an especially 
prominent girdle view, due to the intercalation between the valves of a number 
of plates. These may be almost circular, giving the frustule an annular ap- 
pearance (e.g. Rhizosolenia stolterfothi, Fig. 2 a), or they may be rhomboidal 
in shape with a resulting imbricate effect {Rh, shmhsolei, 'Eig, 1 d and e). 

Another numerically important diatom is Biddulphia with wide girdle 
view. The valves are either bilaterally compressed, or 3-4-angled, and possess 
a more or less pronounced protuberance at each angle. The euplanktonic 
species have in addition a pair of spines, which are not hollow as those of 
Ghaetocems. 

The above are the more prominent diatom members of the phytoplankton, 
though in addition the.re are a number of species of the pennate type. These, 
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Fig. 1. a. Ornithocercus steini Schiitt. x 400. Bay of Naples, 17. viii. 25. b. Gymnodinium 
diploconus Schxitt, x 400. Bay of Naples, 25. viii. 25. c. Dinopliyais acuta Ehr- x 400. 
Plymouth, v. 24. d. RMzosoUnia sJimbsolei Cieve. e. BMzosolenia shrubsolei. x 1000. 
/. Streptotheca thamensis Shrabsole, x 400. g. Trichodesmium erythraeum Ehr. x 200. 
From Brazil, h. Distephanus speculum (Ehr.) Haeckel, x 400. i. Coscinodiscus concmmis 
Wm. Smith, x 100. j. Thalassiosira gravida Cieve. x 200. h Bacteriastrum varlans 
Lander. Valve view, x 200. 

Camera lucida sketches of specimens taken ofl: the Welsh coasts, except where otherwise 
:stated. " ■ ■ 
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liowever, althoiigli they may be locally abundant in such numbers as to be the 
dominant form at any given time, do not exhibit such well-marked periodic 
habit or flotation devices as the true plankton species. Examples of such 
forms are Nitzschia closterium, N. seriate , and BcLcillaria 'paradoxd. The 
significance of their occurrence in the plankton is dealt with in Section V. 


Fig. 2, Resting -spores of pJankton-diatoms. All x 400. a. RMzosoUma stolterjothi Perag. Os 

Aberystwyth. 6. ChciQtoccTcts cuTvisetwn/ Cleve. c. Stcphctfiopyxis tiiTTis* Off Saundersfoot, 

Pembrokeshire. 

(ii) Dinoflagellata, 

The Dinoflagellata are numerically inferior to the Diatomaceae of the seas, 
though “in abundance they are second only to the diatoms in the marine 
plankton, while locally and in midsummer they may far outnumber even 
these abundant organisms” (7). The particular biologic interest of this group 
lies in the fact that within the limits of a single genus, for example, Gyrmo- 
dinium, we have methods of nutrition ranging from the purely holophytic 
to the completely holozoic. 

Each of the two subdivisions, namely the Diniferidae with a girdle, and 
the Adiniferidae without a girdle, contains two parallel groups: (i) those 
protected by an articulated exoskeleton or theca and (ii) naked forms. Of 
those species present in the tow-net catches, the thecate forms with a girdle 
appear to be far more common than the other Dinoflagellata, mainly on account 
of their greater size, but also because the naked species are easily injured, and 
are especially susceptible to the changes in their environment consequent 
upon their capture and transfer to the laboratory. 

Of the thecate Diniferidae, the genera, Ceratium and Peridinium are the 
commonest in North European waters. Here they typically attain a maximal 
development in the summer months, and both individuals and species are 
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much more numerous in warmer waters. The presence of the covering theca 
increases the tendency on the part of the organism to sink; this is compensated 
for in the less robust and smaller forms by rapid flagellar activity, while in 
the larger and less mobile, spines and ''fins” are often extensively developed, 
particularly in the tropical and sub-tropical species (Fig. 1 a and c). 

Although the thecate forms exhibit great diversity of external structure, 
it is in the Athecatoideae that we find a greater range of plasmatic specialisa- 
tion. On the whole, those forms with cliromatophores are the more conserva- 
tive as regards somatic specialisation within the single cell, but in the non- 
green species we find a range of ''organelles” comparable to, and even highly 
resembling, analogous organs in the Metazoa. Kofoid states that these un- 
armoured forms reach their optimal development in eupelagic habitats. 
Certain species, however, are typically neritic, notably those arenicolous 
forms which colonise intertidal zones in such numbers as to appear to the eye 
as a discolouration of the sands. 


(iii) Protophyta cetera. 

Apart from the diatoms and the dinoflagellates, there are only a few 
species which occur in the phytoplankton in any large numbers. Of the 
Cyanophyceae, Trichodesmiiim erythraeum (Fig. 1 g) may be developed in 
extraordinary abundance in the warm seas. Phaeocystis spp. and Halosphaera 
viridis, brown and green algae respectively which may at any one time become 
the dominant form, occur in the summer months. 

There are also a host of protist forms, some of uncertain systematic position, 
which occur in small numbers in almost any plankton catch, for example, 
the silicoflagellate Distephanus (Fig. 1 h), or, at a greater distance from land, 
the calcareous CoccoUthophora. 


III. BIOLOGY OF THE PHYTOPLANKTON 
(i) Periodicity and other Seasonal Changes. 

Variation in external conditions induces variation in the composition of 
the phytoplankton. Perhaps it would be more accurate to state that with a 
change in external factors there are concomitant changes in the plankton. 
The most striking of these is of course the apparent disappearance of some 
species at certain seasons of the year. 

For the diatoms, which in the North temperate zone comprise at most 
seasons the greater part of the phytoplankton, the periods of maximal develop- 
ment are at about March and September. The absence of most diatoms during 
the unfavourable period may be accounted for in two ways: (i) that most 
forms of a given species die out, but leave a few hardy survivors which ensure 
the continuity of the species, or (ii) that some kind of resting stage is resorted 
to. The latter is the more reasonable assumption, but at the same time it is 
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a curious fact tliat such resting spores are only infrequent, and have not 
been described for all the known species by any means. 

In Ohaetoceras i}x% highly characteristic resting-spores or “Dauersporen” 
are formed by the aggregation of the cytoplasm near the girdle-plane and by 
its subsequent encystment (Fig. 2 b). These spores may bear spinous out- 
growths on one or both valve faces. The spore of Stephanopyxis resembles 
the parent frustule except for its smaller size and more robust areolation 
(Fig. 2 c). In Ditylium also only one spore is usually formed. 

In the genera BiddulpMa and Coscinodisms the contents divide to form 
2-64 nucleated sporules, each with chloroplasts, and a limiting cell-wall 
(Fig. 1 i). Bergon^ records motile sporules in the former. A similar phenomenon 
was once observed by the writer in RMzosolenia sJiruhsolei, where the cell- 
contents were divided into eight oval bodies arranged obliquely in the parent 
frustule (Fig. 2 a). 

These spores do not seem to be equipped with any specific adaptation for 
resisting a rigorous period, so it is reasonable to suppose that they pass the 
resting period within the parent-cell. Nevertheless, it is remarkable that 
stages in such spore formation are not more common, particularly at the end 
of the period of maximal development for any given species. It is stated 
that these forms sink to their resting level before accomplishing this last act, 
the sinking being accomplished either by assimilation of the specifically 
lighter substances such as fats, contained in the cell, or in the bilaterally 
symmetrical forms by self-orientation upon a different axis, thus offering less 
resistance to the surrounding medium. 

There yet remain to be considered changes in form other than resting 
stages. The most striking variation is that of size ; in certain species, for example 
Chaetoceras dehile, summer and winter forms differ so widely that they appear 
to be distinct species. Other changes in size, however, are not so evidently 
concurrent with varying external conditions. For instance, the larger, curved 
forms and smaller straight types of the diatom Thalassiothnx nitzschioides 
were easily distinguished, but no one type appeared to be restricted to any 
season. Such variations may be due to increased size after auxospore-forma- 
tion, or possibly to the existence of genetically distinct strains within the 
limits of the single species. 

{ii) Reproduction, 

Mangin considers plankton diatoms as falling into two groups: (a) those 
which undergo a period of repose in some form or other, after which period 
they again begin active cell- division, and (h) dimorphic species with some 
individuals purely vegetative, and, later, others purely reproductive, only 
forming endocysts. 

It has already been stated that resting stages are found comparatively 

1 P. Bergoii. “Nouvelles recherches sur un mode de sporulation observe cliez BiddulpMa 
mobiUe 7 isis Bailey.” Travaux de la Station Zoologique d^Arcachon, 6, 1902. 

Journ. of Ecology XIV 7 
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infrequently; these are formed asexually. Sexual reproduction, as described 
for many benthic diatoms, has also been described in the plankton-diatom, 
Corethfon, by Karsten^. 

Eeproduction then in these unicellular forms is mainly a matter of somatic 
fission, and in both diatoms and dinoflagellates evidences of ordinary cell- 
division were naturally of frequent occurrence. 

With regard to the diatoms of the plankton, the cell-wall is in most cases 
only slightly silicified, so that successive divisions do not necessarily imply 
progressive diminution in the size of the frustiiles, as in the case of the more 
rigidly silicified pliytobenthon forms. Division of the nucleus is accompanied 
by infolding of the cytoplasm, the outer layers of which secrete a pair of 
adjacent valves in the ordinary way. This process is best seen in the larger 
forms, such as Biddulfhia regia. Such daughter-cells may remain attached 
as a short chain, especially when divisions take place in quick succession. 
Where the adult form normally occurs as a chain the younger cells are often 
distinguished by the dess marked thickening of the walls, and, in the spinous 
species, by the possession of less robust setae. 

In the course of the writer’s work on the phytoplankton of the Welsh 



coasts ( 8 ), eforts to obtain stages in nuclear division met with little success, 
although material was fixed under a variety of conditions and at all hours. 
No karyokinetic figures were found, and no stages intermediate between the 
elongated form of the resting nucleus with one or several nucleoli, and the 
two daughter-nuclei, each wdth one nucleolus. This may be clue to the possi- 
bility that division takes place in a plane parallel to the greatest thickness 
of the cell, and it is difficult to focus high-power lenses through such a bulk 
of protoplasm. Again, embedding in paraffin and subsequent microtoming 
gave only distorted forms, due to the tearing of the cell- walls. 

Although in the benthic diatoms a simple form of karyokinesis with 
numerous chromosomes takes place, it is conceivable that division in the more 
archaic plankton forms is of a much simpler order. Virieux^ describes in 
Coscinodiscm grani a karyosomatic type of division; he states that the two 
nuclei resulting from the fission are each surrounded by a clear perinuclear, 
tract. These zones are connected by a plasmatic bridge which appears to con- 
tain chromatinic elements. 

In the Dinoflagellata the extra-nuclear cytoplasm is not concerned in cell- 
division. Nuclear division is karyokinetic, and even in the resting stage the 
chromatinic thread is distinct; this moniliform structure is characteristic of 
the dinoflagellates and serves to distinguish encysted stages, which often 
assume a form very different from the vegetative form. 

Cell-division is oblique here. In the thecate forms, as in the diatoms, one 
part of the exoskeleton goes to each of the daughter- cells, the older half being 

1 Karsten. Zeikchr. fUr BoL 4, 1912. 

2 J, Virieux. ""Structure et division cellulaire chez Ooscinodiscus granV Bull. hlol. de la 
Bmnce et de la Belgique, 64, 1920, 
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often distingiiish by tlie more robust reticulations. Wliere any such 
thecate individual fails to divide, there is consequent over-thickening of the 
theca, with impeding of flagellar mobility. This results in phenomena of 
rejuvenation, which Kofoid considers as falling into groups: (i) cytecdysis, 
or shedding of the exoskeleton in pieces of a single or several plates, with 
ultimate renewal of the whole theca; (ii) cytexuviation, where the whole of the 
contents is extruded bodily from the theca (7). 

(hi) Nutrition, 

“Morphologicar distinctions, it has been said, are ultimately physiological 
ones’’ (6), and nowhere is this more evident than among tlie phytoplankton, 
in which are incorporated the very beginnings of the plant-habit. With the 
assumption of the chlorophyll-habit, there arises a two-fold necessity, as 
Church has pointed out (3), for development of a maximum surface for light- 
absorption, and also for ‘‘ movements of translation at a rate different from 
that of the surrounding medium, whether faster or slower.” He states further 
that such fast movement may be accomplished by flagellar activity, but that 
the nutritive effect may be increased quite as readily by any modification 
‘'involving a drag on the surrounding medium.” The euplanktonic diatoms, 
though conceivably descendants of flagellated ancestors, are now non-motile, 
and are for the most part equipped with spines or protuberances capable of 
effecting the required "drag.” The dinoflagellata, on the other hand, have 
except in the encysted stage retained the flagellate-habit. Now rapid flagellar 
activity makes higher demands on the available energy of the organism than 
the development of mechanical devices such as spines for resisting the tendency 
to sink. It may therefore be a significant fact that it is some members of this 
group that have lost the holophytic mode of life — none of the planktonic 
diatoms, on the other hand, are heterotrophic. 

As to the actual food of the diatoms and the autotrophic dinoflagellata, 
since they are surrounded by their nutritive medium, there is never any 
problem of insufficiency of water and the commoner salts. At the same time, 
by the operation of Liebig’s Law of the Minimum, any variation in those 
necessary substances present in minimal quantity will naturally affect the 
abundance of plankton forms. "The carbonic acid and the mineral salts are 
present in relatively large amounts, but the proportions of nitrogen compounds, 
silica and phosphoric acid in the water of the sea are very small. . . .It is 
probable that the abundance of nitrogen compounds in the sea determines 
the production” (6). Evidence of this is given by Pearsall (9), who shows 
that diatom maxima are coincident with, and presumably affected by, spring 
and autumn river floods, which carry seawards an increased amount of soluble 
terrestrial compounds, including nitrates and phosphates. 

By virtue of their ability to build these simple substances into complex 
organic compounds, the phytoplankton forms act as the "producers” of food 
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in the sea. All other non-green living forms, both plants and animals, which 
iitilint- tliGSB orgcHiiscd. sixbstsbiiccsj the coiifenniGrs. 

IV. EXTERNAL CONDITIOISrS 

TIic GonstituGnt BpGcics of tli6 pliytoplankton oxiiibit striking sGasoiiai 
development, like tkat of terrestrial plants : the direct causes of this periodicity 
are equally hypothetical. Herdman (5) ascribes such periodicity in marine 
plankton organisms to any or all of the three following causes : 

(i) Sequence and periodicity of stages in the life-history of the organisms. 

(ii) Irregularities due to the interaction of the organisms. 

(iii) Periodic changes in the weather, composition of the sea- water, etc. 

The two latter are more easily considered than the former, for, in spite 

of the incredible amount of investigation that has been lavished on the 
speciography of this group, much remains to be discovered with regard to the 
reproduction and life-processes” (6). 

The consensus of opinion is that such seasonal changes in the plankton 
associations are at least a reaction to, if not a direct result of, the stimulus 
of external conditions, though there is great diversity of thought as to which 
particular factor or group of factors is mainly responsible. The chief factors 
are considered briefly below; where any two factors seem to be causally con- 
nected, they are considered together. 

(i) Light and Depth, 

Schimper^ states that the decisive factor in water is light, while to heat little 
or no importance attaches] Schiller^ holds that light and probably also the 
salt-content are the determining factors. At all events, since the “ producers ” 
of the sea utilise solar energy as a source of anabolic power, such organisms 
will tend to dispose themselves both in time and place with regard to the same, 
such reaction not of necessity being a positive one. “Probably the vernal 
increase in phytoplankton depends on the rapid increase of the amount of 
solar energy which accompanies the lengthening days of early spring, especially 
about the vernal equinox” (5). 

If the sunshine curve for Aberystwyth waters be considered (Fig. 3), 
it will be seen that there is a general but by no means marked agreement 
with the volume of phytoplankton. Indeed, during the winter months, the 
volumetric variation seems to follow the temperature curve rather better. 
This divergence for the winter months is probably directly attributable to 
the fact that the more intense insolation in the summer months has a greater 
actinic value to the phytoplankton than the relatively impotent oblique rays 
towards the winter solstice. The influence of sunshine appears to be due 
rather to intensity of light than to duration. 

Now the efiicient plankton organism contrives to maintain itself floating 

^ Schtmper. Pflanzengeoaraphie auf physiologiscJier Oru7idlagey 3ensb, 1898. 

2 Schiller. ‘'Vorlaufige Ergebnisse der Phytoplankton-Untersuchungen auf den Fahrten 
S.M.S. Najade in der Adria,” Sitzungsb, Kais, Ahad, Wm. Wien, 122, 1913. Ref. in this 
Journal, 2, 1914, p. 124. 
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at or near tlie surface, where the sunlight is naturally strongest. The less 
successful are found at lower and less bright levels, and exhibit a progressive 
variation in endochrome. Species common in the uppermost layers guard 
against excessive illumination by the movement of the chromoplasts along 
the plasmatic strands so as to be mutually protective. Those forms of tlie top- 
most water-layers are characterised by the possession of bright yellow-green 
chromoplasts,' usually small and discoid, with a central pyrenoid; EMzosolenia 
and Ckaetoceras are the foremost examples of this group. The contrast is the 
more striking when the two types are compared en masse. Viewed in bulk, 
a surface catch of RMzosolenia and Chaetoceras is several shades lighter than 
a sub-surface haul of Coscinodiscus and BidduVphia, 

Bottom forms are for the most part pennate, and are characterised by the 
possession of dark yellow or brown chromatophores. These are not truly 
planktonic, but are often present in catches taken over shallow waters, 
especially in rough weather. 

(ii) Temperature. 

Temperature appears to affect the spatial distribution of the plankton, 
far as differences of temperature in the sea set up oceanic ciu’rents which 
largely responsible for the geographic distribution of plankton forms. 
With regard to the seasonal distribution, however, we must take into account 
the fact that the phytoplankton rise takes place when the sea is at its coldest 
in March, with a second rise when at its warmest in September. Obviously 
then temperature is not a prime factor affecting the periodicity of the phyto- 
plankton. ‘‘The predominant assumption in the literature dealing with algal 
periodicity is that these periodic changes are due chiefly to temperature 
variations; it makes one suspect that the real underlying causes are factors 
which normally operate during cold weather, but which may have no causal 
connection with temperature” (9). 

(hi) Winds, Tides and Currents. 

The indirect influence of winds on plankton distribution by setting up 
surface-streaming is naturally considerable; local currents and tidal-streaming 
are largely dependent on these. At the same time, it is debatable as to how far 
the distribution of plankton is limited by such streams. It has been maintained 
that these passively floating forms are cast up on the edges of marine currents 
in much the same way as a river casts up scum and floating objects on its 
banks; that is to say, that the plankton is disposed in “streaks” or lenticular 
areas with their long axes parallel to the currents in question. 

A second aspect of the effect of tides and winds on the plankton is the 
mechanical one of increased aeration of the w-ater. It is a well-known fact 
that flagellated Chlorophyceae tend to develop in enormous numbers in rain- 
puddles, as, in its passage through the air, the rain dissolves a high proportion 
of oxygen from the air. Similarly, the beating of the waters into surf-crested 
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waves, or even the rippling of the surface, makes for the solution of a higher 
proportio 3 i of dissolved oxygen and other atmospheric gases in the sea-water: 
this induces increased metabolic activity on the part of the contained organisms. 
In like manner, the waters of rapidly-moving currents tend to have a higher 
quantity of dissolved gases; '‘it is well-known that in coastal waters favourite 
line-fishing localities are where strong tides run through narrow channels 
over rocks and banks, and these are just the places where of recent years it 
has been found that plankton is most abundant^. 


(iv) Scilinity and Rcdnfall, 

These two factors are closely connected, for, although the direct effect 
of rainfall in lowering the salinity of the sea is negligible for all but the topmost 
layers, its influence is considerable in its swelling of the volume of the rivers, 
and hence lowering the salinity for miles off their embouchures. Herdman 
states that "a heavy fall of rain, sunshine, alternation of night and day, 
and such phenomena probably have a considerable influence on the vertical 
distribution of plankton.” In practice, tow-nettings made during or after a 
heavy rain show a drop in volume; this, however, may be due to a purely 
mechanical cause, namely, the difficulty of tow^-netting in a rough sea, or 
possibly the question resolves itself into a physical one; that is, the sudden 
lowering of the salinity of the topmost waters would cause the passive plankton 
forms to sink to lower layers of greater salinity. Apart from this, variation 
in salinity appears to have no deleterious effect on plankton considered as 
living organisms; Allen (1) states that, provided that the conditions of light, 
temperature and mineral foods are favourable, salinity may be varied within 
very wide limits. 

No single factor then appears to control the periodic disappearance of 
certain phytoplankton species; Johnstone, addressing the British Association 
in 1923, stated that "the factor influencing actual abundance appears to be a 
statistical one, a chance association of sub-factors, and not at all any single 
events, or even a few main events in the sea.” Again, this periodicity has 
been stated to be a purely vital phenomenon entirely independent of external 

factors: "I therefore class this periodic growth, these cycles which cause 

volumetric pulses, under the head of internal factor. The element of periodicity 
in itself does not seem to be consequent upon any known external factor” 
(Kofoid). 

V. EVOLUTION OF THE PLANKTON DIATOM FORM 

" The beginnings of botany,” writes Church, " are in the sea.” In consider- 
ing the development of living matter from the non-living ionic marine phase, 
he has presented a scheme of progressive evolution from the specialised ionic 
"centres of action” in the sea, to the primitive spheroidal protoplasmic unit, 
and thence to what he designates the "euglenoid phase of flagellar activity.” 

1 Herdman, Scott and Lewis. “Intensive Study of the Plankton round the South end of 
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Tli(i main line of evolution progresses towards, and by way of, the benthic 
habit; but, in the world of free-floating forms, the euglenoid phase leads, if 
we except only a few isolated forms, to ultimate divergent specialisation in 
{a) the dinoflagellata, and (6) the now a-flagellated diatomaceae. 

At the present day both these groups are racially impotent, and probably 
therefore represent termini of evolutionary branches. The phytoplankton 
organism is a highly specialised but now necessarily static form, for conditions 
are such that as plankton it is physically impossible for an organism to 
advance beyond the unicellular stage, and specialisation with the single cell 
as unit of somatic organisation invariably leads along an evolutionary 
cul-de-sac. In both the diatomaceae, then, and the dinoflagellata, we have 
groups which have succeeded in maintaining themselves as free-floating 
organisms since pre-benthic times. For new phyletic developments we must 
look to those forms which have adopted the fixed habit as opposed to the 
planktonic. 

An attempt is here made to consider the general relationships within the 
most important phytoplankton phylum in North temperate seas, namely 
the diatomaceae. 

Schiitt and others state that the phytoplankton, more especially the 
diatoms, attains its optimal development in relatively shallow areas not far 
removed from land. Now the benthic is held to be a post-planktonic stage 
in racial evolution; in considering the development of the former from the 
latter, the question therefore arises of the inter-relationship of the phyto- 
plankton with terrestrial factors. As the sea receded, and pristine land masses 
appeared, moribund plankton forms, it is presumed, acquired a new lease of 
racial life by adopting the benthic habit; they became either species fixed 
at the margins of the water, or motile forms creeping along the floor of the 
shallow coastal seas. The first assumption of the benthic habit, then, would 
appear to date from, or just before, the first elevation of land. 

In considering the geographical distribution of the plankton diatoms, we 
note the fact, recorded since the days of the Challenger Expedition, that they 
are especially abundant in areas of low salinity with a high nitrate, phosphate 
and organic content — more especially those seas where large rivers empty 
themselves. Prom a consideration of this fact it is therefore suggested that, 
although these plankton diatom forms may have existed as such beforehand, 
yet the plankton phase jpar excellence followed after terrestrial elevation had 
taken place, and after water erosion had carved out the rivers. Some groups 
of the phytoplankton therefore may at least be coeval with, if not of later 
origin than, the primitive benthic protophyte. At all events, the terrestrial 
factor was undoubtedly a significant one. 

In considering the phyletic units of the phytoplankton, it is a significant 
fact that those forms which compose by far the greater bulk of the tow-net 
catches throughout the year belong to only four genera, namely, Rhizosolenia^ 
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Chaetocems, BiddulpMa and Coscinodiscus, but that these genera comprise 
numerous species. If numerical superiority is any measure of success, then 
these may be held to represent the uppermost limits of evolution among the 
phytoplankton. For an elucidation of the course of any such evolution one 
should look, not to these pre-eminent forms, but rather to those static residual 
genera of only one or perhaps two species, which have apparently had only 
a moderate success in the plankton phase. Such forms are: Stephanopyxis 
turns, Liihodesmium undulatum, Streptotheca thamensis, and Eucampia zoo- 
diacus. The first-named has a valval corona of protuberances through which 
protoplasmic connections are stated to pass into the neighbouring frustule ; 
in the second case, the frustules are united in long filaments bearing a super- 
ficial resemblance to a filamentous brown alga; the last two examples possess 
a rudimentary central nodule — all these being tentative developments towards 
a somatic organisation of increasing complexity. Whether these are instances 
of parallel development, or whether they indicate the protodiatom forms from 
which the plankton diatom proper, the phytobenthon and epiphytic diatoms 
respectively have diverged, is naturally not determinable from morphological 
evidence alone. At all events, there are two distinct phyletic tracks, with 
also a third less marked, for the phytoplankton form as seen in the sea 
to-day. 

(i) Typical Diatom Forms — widely distributed abundant species. 

The typical plankton forms comprise those highly successful widely dis- 
tributed genera of many species which are very variable in form and which 
correspond to such “ critical genera among land plants as Rubus or Hieracium. 
To this class belong the four genera enumerated previously, namely, Rhizo- 
solenia, Chaetoceras, BiddulpMa and Coscinodiscus, 

Among aquatic phanerogams, the ease with which the necessary foods are 
obtainable results in morphological degeneracy; in the phytoplankton, how- 
ever, this relative abundance of water and nutrient salts is more than counter- 
balanced by the physical necessity for adequate flotation-equipment. Those 
forms then found free-floating in large numbers are those which have suc- 
ceeded in maintaining a suitable plankton-soma — usually as the unicellular 
individual. 

Both Rhizosolenia and Chaetoceras are genera with wide specific variation, 
the former consisting of about 60 species and the latter of well over a hundred. 
In each the elongated form is assumed; in Rhizosolenia this is accomplished 
by the intercalation of numerous plates between the valves, resulting in an 
enormously lengthened girdle view. In Chaetoceras, although each frustule is 
as broad as long, the individuals hang together by spinous outgrowths, giving 
here again the slender and long floating form. The social habit is then the 
rule in the latter case, whereas it is the exception in the former. Each genus 
has one species which has gone along a specialised line in the evolution of the 
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plaiikton^soma, and has adopted the coiled "habit. In-Cfctocera^ ^ociaZe 
the fnistiiles are grouped in an open circle, the incurved setae giving to the 
colony a disc-form strengthened by the ribs directed radially towards the 
centre, and also by the production of mucilage. In Rh. stolterjothi the fnistiiles 
are curved, and the chains of cells thus overlie one another in a loose spiral 
(Fig. 2 a). These two species show development parallel with the coiled 
limnetic habit adopted by Mougeotia and other Conjiigatae, when found free- 
floating in freshwater lakes. 

Both Rhizosolenia Sind Chaetoceras are pre-eminent in numbers of species 
and individuals; at the same time, they are found in greatest numbers at 
the surface. These two genera then appear to be the optimum expression of 
the plankton habit among the diatoms of the sea. 

At a somewhat lower water-level are Bidd'ulp}iui> and Coscifiod/iscus^ forms 
moderately bulky in proportion to the surface area, and hence less mobile. 
They are less mobile in the evolutionary sense also, for their component 
species are much more static and more exactly delimited than the above- 
named. It follows therefore that they are of a lower grade in order of plankton 
efficiency; moribund species then, to ensui*e the continuity of their racial 
life, must perforce adopt a non-planktonic mode of life— and this is what 
appears to have happened. No species of RMzosolenia or Chaetoceras occur 
among the epiphytic littoral forms, but several species of Biddulphia and many 
of the Ooscmoif^ew-type are known. 

Dealing hist mill Biddulphia, ^ w here a genus whose component 
species range in habit from the euplanktonic through varying degrees 
to the truly epiphytic. B, mobilmisis md B, granulata are true plankton 
species (Fig. 4 a, b, f), as witnessed by their dorsiventral compression and 
valval spines and protuberances. All three species are found in the open sea. 
A morphologically intermediate planktonic species with absent or incon- 
spicuous spines, abortive protuberances and ventricose valve view is B. rhombus 
(Fig. 4 c), which is especially common during the early months of the year 
within half-a-mile of the sea-shore. It is rarely found at any considerable 
distance from land, and presents a form midway between such as the three 
first-named species, and the characteristic coast-line species of planktonia 
Biddulphias, which are angular in valve view, as, for example, B.favus (Fig. 4 d).. 
A closely related free-floating littoral form is the rather rarer B. alternans 
(Fig. 4 e). The resulting difference in habit is well shown by the greater silicifi- 
cation and more robust areolation of the former, though both species have 
apparently sprung from a common stock. The ultimate stage in this series 
is represented by the shore-type B. vesiculosa, which, although an occasional 
constituent of the littoral hemiplankton, occurs normally as zig-zag epiphytic 
filaments (Fig. 4 g). 

The genus Coscinodiscus does not show so complete a series of intergrades 
as Biddulphia, They are all of the drum-like form, one of the most conspicuous 
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being tlie large .species, 0. concinnus (Fig. 1 i). Although there is little variation 
within this genus, a large proportion of the diatoms of the various fossil 
deposits are developmental forms from the Coscinodiscus-tjpe, so that we 
have here survivors of a group that has attained considerable numbers in 
the past. Many of these are now extinct; this race is now represented in the 
plankton by certain well-defined species which have succeeded in. maintaining 
the balance of racial efficiency in their favour. 


Pic. 4. Progressive variation in Biddulphia according to habitat. All except (6) x 200. IST. Euro- 
pean species, a. B. mobiliensis (Bailey) Griin. b. B. mohiliensis (Bailey) Griin. forma regia 
Schutze X 100. . c. B. rlimnbus (Ehr.) Wra. Smith, d, B.favus (van Heiirck). e. B, alternans 
(Bailey) van Heurck. /. B. gmnulata Roper, g. B. vesiculosa Boyer. 

(ii) Residual PlanJcton Forms — of less abundance. 

Turning to those isolated genera I have termed residual plankton forms, 
it will be noticed that the distinction from the former group is mainly one of 
numerical inferiority. It is from these failed and failing groups that, given 
sufficient impetus, new modes of life might be tentatively adopted. It has 
already been noted that most of the marine plankton forms are centric. Two 
species, StreptotJieca and Eucampia^ have a rudimentary central nodule. The 
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centra! nodule, important in tlie structure of tlie motile diatoms, is here ap- 
parently functionless, since they do not appear to move. Both these forms 
are distinct genera of limited distribution in time and place. 

Two other genera, each of one species and with uncertain affinities, are 
Bellerochea and Climacodium. Possibly then this isolated and biologically 
insignificant group may be a surviving stage of the experimental forms of 
the early plankton phases. 

(iii) Reversionary PlanUon Forms. 

The third group comprises all those forms which exhibit evidences of 
reversion to a planktonic from a previous benthic habit. I exclude of course 
such fortuitously free-floating forms as Navicula spp. on Pleurosigma spp., 
swirled from the bottom into the upper waters by external factors, and 
propose to consider only those forms which are purposively planktonic. These 
are all of the pennate type, and, having lost whatever planktonic adaptations 
they possessed in the pre-benthic state, must needs acquire a new flotation 
mechanism-— since they cannot regain lost adaptations by retracing their 
evolutionary path. 

This class is a well-defined group in the sea. They differ from the euplankton 
by the fact that they only rarely attain any great numbers — Asterionella, 
NitzseMa seriata and N. closterium are the principal ones— and that they do 
not show to any marked degree the bi-modal periodic curve characteristic 
of the phytoplankton proper. They are, in fact, comparable in many ways 
to the diatoms of the freshwater plankton. In both cases the greater number 
are pennate; in fact, the following representative list (10) shows both groups 
to comprise identical genera: 


FRESHWATER. 


Thalassiothrix (Synedra) 

Asterionella 

Bacillaria 

Fragillaria 

Nitzschia 


Synedra 

Asterionella 

Fragillaria 

Nitzschia 

Tahellaria 


The two first-named genera, Thalassiothrix and Asterionella^ are both 
characterised by the union of their rod-shaped frustules into a star-shaped or 
occasionally zig-zag colony. By far the greater number of species of Synedra 
are epiphytic, but a few species have returned to a free-floating habit, firstly 
as a free-floating littoral zig-zag form, and later as a pelagic star form, which 
Wesenberg-Lund considers an adaptation of the former. 

In contrast to these reversions from the sessile benthic to the planktonic, 
we have in Bacillaria paradoxa a retrogression from the motile benthic habit. 
Instead of the development of a special flotation form as in the case of 
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Th(dassiothrix, t^^ species has retained its power of motion to ensure a differen- 
tial rate of movement in the surface-waters. As the frustules glide backwards 
and forwards past one anotherj they come into contact with different parts of 
the surrounding medium for nutrition, while at the same time the narrow 
bacillar frustules, disposed horizontally when extended, offer as much re- 
sistance as, for example, a RMzosolenia, against over-rapid sinking. A similar 
flotation mechanism is ohseiYed in NitzscMa seriata, where the frustules can 
by gliding in the same way arrange themselves end to end in elongated series. 


Fig. 5. Retrograde plankton diatoms. All x 200. a. Asterionella japonica Cleve. b. Thalassio- 
thrix nitzscMoides Grun. c, Bacillaria paradoxa Gmel. d, Nitzschia dostermm Wm. Smith. 
e, Nitzschia seriata Cleve. /. Fragillaria oceanica Cleve. 


The case of Nitzschia closterium is even more interesting. Two distinct 
forms are recorded. Both types are abundant in cultures; the larger is motile, 
but the smaller non-motile. Furthermore, in vertical plankton hauls containing 
a bigger proportion of bottom forms than horizontal hauls, the latter variation 
of N. closterium is more frequent. Lebour^ states that this is an adult form 

1 Lebour, M. V. “The Microplankton of Plymouth Sound.” Journ, Marine Biological 
Association, 1917. 
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()f tlie siiialk'r one. Here then we appear to have in the plant world an organism 
with two stages in its life-history, a planktonic followed by a benthic stage, 
this being analogous with those marine animals such as Balanus, whose 
larval stages are free-floating, but whose adult forms are benthic. 

The above is an attempt to indicate that the term plankton, as far as the 
diatoms at least are concerned, comprises a polyphyletic assembly of species 
with different racial history but similar habit ; or, as Church has said, ‘ ■ Plankton 
is more physiological than morphological.” 
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THE WATER-RETAINING POWER OF THE SOIL 

By H. C. HANSEN. , 

{From the Plwiit Physidogical Laboratory of the Univermiy of Copenhagen,) 
{With three Figures in the Text,) 

By tlie water capacity of a soil is understood the quantity of water wliicli 
a given soil is capable of retaining. It is expressed as a percentage of the 
volume of that soil. 

There is considerable variation in the water capacity, according to the 
size of the soil particles. The more finely divided the soil, the higher its water 
capacity, as will be seen from the following table (from Boden imd Klima 
auf kleinstem Raum, by G. Kraus) : 

Table L 


soil particles as a thin layer held by adsorption, while the rest collects in small 
hollows and crevices, where it is retained by capillarity. Gradually, as the 
amount of water in the soil becomes less — as a result of evaporation, for 
instance — the water held by capillarity will be the first to disappear, then the 
water retained by adsorption. While the retaining power of the capillarity is 
only slight the adsorbed water is held back with rather considerable force. 

For a plant to be capable of drawing water from the soil, the force with 
which it sucks up the water must be stronger than that with which the soil 
holds the water back; and the results of numerous experiments go to show 
that plants are generally capable of absorbing the water that is held by 
capillarity, but not — or, at most, only partly — the water held by adsorption. 
If, now, a plant of some kind is grown in the soil, without any more water 
being supplied to the latter, the quantity of water which the soil contained 
at the beginning of the experiment wfill gradually be reduced, until the plant 
finally wilts, because the absorptive force of the roots can no longer overcome 


Percentage of 
soil particles 
larger than 0*5 mm. 

Water capacity 

i'l,: 

■v : :i|i 

89*7 

9-19 


89*5 

10-5 


82-72 

14-51 


58-19 

18-6 

■■ '■''"■■■■-'Mm 

56-6 

19-34 


31-0 

29-4 


17-02 

30-2() 

•13 

0 (washed soli) 

28-0-52-0 


j retained by the soil. 

a portion remains adhering to the 

‘1 



1 1 2 The Water-Retaining Power of the Soil 

the water-holding poAver of the soil, though there will still, at that moment, 
be a certain amount of water left in the soil. 

If specimens of the same kind of plant are grown in different soils, it is 
safe to suppose that the water-retaining power of these soils will be the same 
at the moment when the plants wilt. The water content, on the other hand, 
at the moment of wilting, will be different in the different soils. This is made 
evident by the results of an experiment, made by Sachs, in 1859, with tobacco 
plants; 

Table II. 


Sand and humus 
Clay 

Coarse quartz sand 


Original water content 
in 100 grams dry weight 

46-0 grams 
52*1 
20-8 


Water content at the 
moment of i>lant wilting 


12-3 grams 
8-0 
1-5 


27 % max. content 
15 
7 


The result of this experiment shows the water-retaining power of the quartz 
sand to be rather feeble as compared with that of the clay soil or of sand mixed 
with humus. 

For these reasons, a simple determination of the water content of the soil 
does not furnish any basis for a true estimation of the amount of water 
actually at the disposal of the plants. To determine this, it wall be necessary 
to proceed differently; namely, by trying to determine the water-retaining 
power of the different soils with various contained water percentages. The 
present paper is an attempt in that direction. 

As an introduction, let us review, very briefly, some of the earlier investiga- 
tions made for the purpose of determining the water-retaining power of the 
soil. The methods employed to that end have been partly physical, partly 
biological. 

I. Physical methods, Livingston (1906) places in the soil to be studied 
an artificial root hair, in the form of a semipermeable ‘^Pfeifer’s cell,” filled 
with a 1-5 to 2 molecular solution of cane sugar, and then determines whether 
this osmometer absorbs the water from the soil, or whether a movement in 
the opposite direction takes place. As the result of a couple of experiments 
it was found that the absorption, by the osmometer, did not begin until the 
w^'ater content of the soil was brought up to 20 or 25 per cent. Konig, 
Hasenbaumer and Grossmann (1908) placed the soil to be examined in a 
‘'Pfeffer’s cell,” poured water over it, and measured the osmotic pressure after 
the cell had been sunk in water. The figure obtained thus indicates the degree 
of osmotic pressure exerted by the soil water (though in a diluted state). 
Shull (1916) determined the water content of Xanthium seeds that had lain 
in the soil, and from the results thus obtained he was again able to calculate 
the degree of the osmotic pressure by which the water was retained in the soil, 
by comparing them with measurements previously made of the water contents 
of other Xanthium seeds that had been lying in solutions of various concen- 
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tration and of known osmotic strength. As a means of determining the water*" 
retaining power of the soil, Livingston and Koketsn (1920) measured the 
amount of water absorbed within a given time by a hollow, cone-shaped 
cylinder of porous porcelain. Other investigators, like Ybxi Bemmelen (1910) 
and Oden (1919), determined the vapour pressure in humus by placing the 
dried sample of soil in a desiccator over a sulphuric acid solution of known 
concentration and vapour pressure. When equilibrium has been attained, the 
water coiitent of the sample is determined, and it is then placed in another 
desiccator over a slightly more concentrated solution of sulphuric acid. When 
the equilibrium is once more established, the water content of the sample is 
determined a second time ; and by continuing in this manner and noting, one 
after another, the values thus obtained, a curve will result, showing the 
dependence of the vapour pressure on the water content of the humus, 
Thomas (1921) estimates the water pressure in three different soils. His 
method consists in passing a known volume of air through the soil, collecting 
and weighing the vapour. He finds that the vapour pressure is a linear function 
of tlie reciprocal of the moisture content over a wide range. 



11. Biological methods. Briggs and Shantz (1912) determined the wilting 
coefficient for various soils by the “^wax-seal method/’ which is a modification 
of the method formerly employed by Sachs. They find this coefficient to be 
about the same for a number of different plants, and note that it varies con- 
siderably with the character of the soil. Unsprung and Blum (1921) find the 
water-holding power of a soil by determining the absorptive power of a root 
that has grown in it, because these two quantities must be supposed to be 
equal. The absorptive power of the root is measured by determining the volume 
of an epidermis cell in its natural state and then measuring the concentration 
of the cane sugar solution which does not alter the volume of that cell. The 
water-retaining power of the soil will then be equal to the osmotic pressure 
of the cane sugar solution. 

The method which I have used for measuring the water-retaining power 
of the soil consists in determining the strength of the sugar solution which 
has the same vapour pressure as the soil sample under investigation. 

The procedure is as follows: in a glass box, 16 x 6 x 11 cm., with a loose 
glass lid, a piece of nickel-wire netting (a in Fig. 1) 9*5 cm. high by 15*5 cm. 
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time the glass box is taken out and opened, 
tment is placed the bottom part of a Petri dish, 
of which has been laid a paper filter saturated with 
a cane sugar solution of a previously determined strength. The lid is then 
on again vdth vaseline, and the glass box put back in the wadding-lined 
for another 24 hours. After that time the box is opened once more, 
out, and the lid is put on again. The Petri dish to 


lOo. 2. 


Molecular Cane Sugar Solution 
0.8 1.2 1.6 2.0 
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long, and having 2-5 cm. of this length, at each end, bent over at right angles, 
is placed in such a manner that the bent-over edges rest against the side of 
the box, forming a small cage, as shown in Fig. 1. The glass box is thus divided 
into two compartments of unequal size. The soil to be investigated is placed 
in the larger of these, whereupon the lid is sealed on air-tight by means of 
vaseline, and the closed box placed in another, larger box lined with cotton 


“D 

CD 

400 h 
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the filter is now weighed, and if a similar weighing has been made before the 
test was begun, it can be ascertained whether the sugar solution has absorbed 
or given off water ; or, in other words, whether the vapour pressure of the sugar 
solution has been greater or less than the vapour pressure in the soil investi- 
gated. If, now, we extend the experiment to comprise — ^instead of only one 
glass box, as here described — four or five boxes, all containing the same kind 
of soil,, but with the sugar solution in a different degree of concentration for 
each of the filters, we shall find, provided these concentrations have been 
suitably chosen, that the Petri dishes containing the weaker solutions have 
lost in weight, while those containing the stronger concentrations have become 
heavier; and by these means it mil thus become possible to determine exactly 
what sugar concentration has the same vapour pressure as the soil under 
investigation. The easiest way of arriving at this determination is to make it 
graphically, by plotting the rate of change — that is, the loss, or the increase, 
in weight — corresponding with the different concentrations, on squared paper, 
and constructing a curve connecting these various points. The point at which 
this curve intersects the axis of the abscissae will then mark the degree of 
concentration of the sugar solution with which the soil sample is in equilibrium. 

By thus examining a number of samples, all from the same soil but of 
different water content, we get, in this manner, an expression for the relation 
of water-retaining power to water content, in the soil type examined. 

Variations in temperature are the chief sources of error in connection with 
these investigations. If, namely, the soil sample and the sugar solution in the 
Petri dish are of different temperatures, an over-distillation of water may take 
place, even if the vapour pressure should be the same in both. Every pre- 
caution must therefore be taken to avoid the occurrence of any such variations, 
and this is done by isolating the glass box as carefully as possible in the 
cotton-lined outer box, as described. 

In order to test the correctness of the method, there were placed in the 
arger compartment of the glass box strips of paper saturated with an equi- 
molecular potassium nitrate solution, and in the Petri dishes potassium nitrate 
solutions having a concentration of, respectively, 0-5, 1*0 and 1*5 gm. molecules. 
The result is shown in Table HI. 


Table III. 

lU mol. 


Experiment I 
Experiment II 


0-5 mol. 
-0-08 
-0-07 


0*0 


1-5 mol. 
+ 0-0G5 
+ 0-0G 


The experiment shows that it is possible to measure more or less ap- 
proximately the osmotic pressure of a given solution. 

By this method I have investigated the reciprocal relation between the 
water-retaining forces, together with the water content of five different types 
of soil. 

8—2 
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Experiment I. In this series of tests a pure quartz sand with a water capacity 
of 14 per cent, was used. The result of the experiment is given in Table IV: 

Table IV. 


Water content (%) 

4*4 

1*84 

1*09 

0-36 0-21 

Mol. cane sugar solution 

0 

0*42 

0*51 

0-91 1-82 

Osmotic pressure in atmospheres 

0 

11 

14 

28 90 


Experiment TI. The soil used in these tests was sand mixed with clap. 
The sample was entirely free from humus, and on being washed was found to 
contain 02 per cent, of sand, with a water capacity of 27 per cent. 


Table V. 


Water content (%) 10*74 

Mol. cane sugar solution 0*06 

Osmotic pressure in atmospheres 1*5 


Experiment 111. These tests were made with garden soil containing 62 per 
cent, of sand and 5-25 per cent, of humus. The water capacity was 24 per cent. 




Table VI. 







Water content (%) 

19*35 

12*39 

9*49 

8*66 

r*04 6- 

18 

5*67 

5*06 

4*54 

Mol. cane sugar solution 

0*1 

0*2 

0*25 

0*3 0*74 0- 

96 

1*24 

‘ 1*58 

1*93 

Osmotic pressure in atmospheres 

2 

5 

6 

7*5 21 

30 

A 


67*5 

100 

Experiment IV was made with pure clay 

(modelling clay) 

* 





Table 

VII. 







Water content {%) 


29*68 

23-84 

20*47 

17*32 

13* 

83 

12*1 

9*92 

Mol. cane sugar solution 


0*02 

0-06 

0*24 

0*34 

0* 

51 

1*21 

1*91 

Osmotic pressure in atmospheres 

0*5 

1-5 

6 

8*5 

14 


43 98 


Experiment F. In this experiment the soil was heech mould. The water 
capacity was 61 per cent. 

Table VIII. 

Water content (%) 36-43 29-32 24-0 23-4:7 19-0 13-83 

Mol. cane sugar solution 0*24 0*38 0-44 0*5 0*74 1*7 

Osmotic pressure in atmospheres 6 10 12 13*5 21 83 

The results of these experiments are represented graphically in the fol- 
lowing curves, in which the abscissae denote the water content of the soil 
type in question, while the ordinates denote the cane sugar solution, or the 
osmotic pressure corresponding to the various concentrations. 

As we might expect from the results of Sachs’ experiments, the water- 
retaining power of the sand is extremely slight; only with a water content 
of 1 per cent, does it reach a strength equal to the osmotic force in a 0*5 
molecular cane sugar solution, which corresponds to a pressure of 13 or 14 
atmospheres. If we suppose the osmotic pressure at the beginning of plasmo- 
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I lysis m tte roots to be about 10 atmo- 

I '.spberes, tEen .tbe/iutake power also 

I sliould consequently run no higher than 

to this value as a maximum; which is 
equivalent to saying that the absorption 
of water by the roots ceases when the 
water content of the soil has sunk to 
2 per cent, — a proposition which agrees 
! fairly well with the findings of Sachs, 

that tobacco plants wilted when the 
water content was 1-5 per cent. 

; A comparison of the curve for the 

pure quartz sand with the one for the 
sand mixed with clay shows that the 
clay content plays a great role as regards 
the water-retaining power, the latter 
rising, owing to the presence of the clay, 
to as much as 13 or 14 atmospheres 
when the soil contains 5*5 per cent, of 
water. With a lesser content of water the 
retaining power of the sand and clay 
mixture rises somewhat less rapidly than 
in the pure sand. 

: The soil which forms the subject of 

' experiment III differs from the one used 

r in experiment II chiefly by its content 

i of humus, and it is noticed that this 

admixture tends to increase the water- 
retaining power, which here, for a water 
content of 8 per cent., reaches between 
13 and 14 atmospheres. 

' It is in pure clay and pure humus that 

the water- holding power is greatest. In 
beech mould, as shown by experiment V, 

; it is as high as 13 or 14 atmospheres with 

a water content of 23 or 24 per cent. As a 
curious feature it should be noted that 
J with decreasing water content the in- 

crease in water-retaining power is much 
r slower here than in the first three ex- 

j periments. 

• By this method it is possible, then, to 

determine more or less approximately 


Pressure, number of Atmospheres 



uo.iq.nios suuq uBinooiojAi 




Fio, 3. Curves showing the water-retaining x:)ower in different soils: (1) xnire cxiiartz sand: (2) sand mixed 
with clay; (3) garden soil; (4) modelling clay; (o) beech mould. 
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the vapour pressure in any given soil, and thus the water-retaining power of 
that soil. It next becomes a question of examining what importance the 
degree of that power has for the absorption of water through the root system. 

For a root to be able to absorb water from a given soil it is necessary that 
the force with which the absorbing cells of that root suck up the water should 
be greater than the force by which the water is held back in the soil. The ab- 
sorptive power of the cell is, in its turn, determined by the strength of the 
osmotic pressure, less the strength of the sap tension, by which is understood 
that portion of the osmotic pressure which is exerted on the wall of the cell. 
The absorptive power can thus vary from zero up to the value of the osmotic 
pressure exerted under conditions of commencing plasmolysis. As a result of 
this absorption by the cells the water content in that part of the soil which 
is ill immediate contact with the surface of the root is reduced to a quantity 
so small that the force by which the water is retained in the soil is equal, 
or only slightly inferior, to the force with which it is absorbed by the plant. 
In those parts of the soil which are farther away from the surface of the root, 
the quantity of w’-ater will be greater, and this difference in water content 
between the different regions of the soil, due to the absorption from the root, 
will therefore result in a movement of water from the more distant, moister 
regions toward the surface of the root. It is this movement of the water in 
the soil which enables the plant to continue its absorption of water. Any 
increase in the absorptive power of the cell will cause the amount of water in 
the part of the soil in immediate contact with the root surface to become still 
further reduced, and the difference in water content between the different 
parts, which causes the water movement, will thus be all the greater. 

The fact that Fitting* has ascertained the osmotic pressure in a number 
of desert plants to be relatively high, makes it of interest to examine in what 
types of soil an increase of the osmotic pressure may possibly have a bearing 
on the degree of absorption, A look at the curves will show that an increase 
of the osmotic pressure will not be of any material significance in the case of 
plants growing in sandy soils, because even with a low osmotic pressure these 
A plants will he able to absorb practically all the water in the soil. In soils 
containing a great deal of humus or clay, or of both these substances together, 
and ill which the water is, consequently, retained with rather considerable 
force, an increase in the osmotic pressure may, on the other hand, help to 
increase the amount of water on which the plants can draw. It is therefore 
of interest to see that the abnormally high osmotic pressures recorded by 
Fitting were found by him in plants that grew in rock- or desert-crevices 
filled with clay, while the osmotic pressure of the same plants, when they are 
grown in sand, is considerably less. 
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INTRODUCTION 

During the war a considerable area of forest on the Bagshot Sands in the 
neighbourhood of Virginia Water was felled by Canadian lumbermen. The 
land was not immediately replanted and as it lay conveniently near the 
Royal Holloway College Botanical Laboratory, continuous observations were 
made to record the natural changes of vegetation over the exposed area 
(Eig. 1). 

A plot of land was chosen for detailed study, about an acre and a half in 
area, sloping slightly to the south-west. It had been pure pine forest, but 
outside it, in its near neighbourhood, there stood a few birches among other 
trees, and this fact explains in part the plant succession that followed. 

Observations were continued untilJanuary 1925, when the forest authorities 
of Windsor Great Park cleared t-he area and replanted it with Finns syhestris. 

HISTORICAL ACCOUNT 

The Area at the Outset oe the Investigation in 1917. 

The Canadian lumbermen had been at work from June to October 1916 
and in November of the next year observations began. At this time there was 
very little vegetation, the uneven surface of the soil being broken only by 
numerous tree stumps and certain charred patches, nineteen in number, where 
the lumbermen had made their large bonfires. The surface of the soil was 
covered with loose pine needles, below which, to a depth of from 1 to 5 inches, 

i The work described in this paper was organised and written up by M. Benson (1917-22) and 
E. M. Blackwell (1922-25) with the help of notes and maps made by D. M. Adkins (Mrs Burrows), 
1915-20 and M. I. Thomas, 1921-25, Royal Holloway College, University of London. 
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'hy luimii,s composed of dead pine needles, twigs and cones, and then sand 
varying in depth from a few inches to 4 feet. In some parts, the water level 
was at the junction of the sand and the subjacent clay; in other parts it was 



was found to vary with the seasons to a very marked degree. 

At the south-east corner of the plot, there was a small bog, where the water, 
like that in the soil in other parts of the area, was acid to litmus. Species of 
S'pMrjnum and Polytrichum grew in the bog and at the edge were three species 
of J uncus. On the banks of the bog w^ere numerous seedlings of Beiula alba 
{verrucosa), and B. pubescens, Pinus sylvesiris, Castanea sativa and Rhododendron 
ponticuwL 

Along the north-west of the area there was a fringe of vegetation. This 
consisted of ])ine and birch seedlings of the current season, Molinia caendea, 
Deschampsia fiexuosa, Erica dnerea, E. tetralix, and Calluna vulgaris, which 
had secured a hold owing to a slight opening in the forest in that region. 
Occasional seedlings of Larix europaea, Ulex europ>aeus, Castanea sativa and 
Quercus robur (pedunculata), also of the current year, were noted. 

The charred patches, where fires had been made, were for the most part 
bare, but towards the centre of each patch Funaria hygrometrica was beginning 
to establish itself. 

During the autumn of this year, a remarkable feature of the plot was the 
luxuriant growth of Bulgaria polymorpha, the sporophores of which reached 
a diameter of 5 or 6 inches in their spread over the soil. A very few individuals 
of wind-dispersed immigrants, such as willow herb, and even dandelion and 
thistle, had arrived. With these exceptions, the land was clear of vegetation, 
and thus might be said to offer a new habitat for colonisation. 


METHOD 

The area, comprising altogether some 4980 sq. ft., was divided into 46 
smaller areas; peripheral areas 20 ft., 45 ft. and 60 ft. square, and central 
areas of greater size (Fig. 2). Quadrat charts were made of each in 1917, 
1919 and 1924. Figs. 5~8 illustrate four out of the forty-six such series made. 
Each year general observations were recorded in note form, and plants observed 
were listed. 

In addition to the mapping of the whole area intensive studies were made 
of features of special interest, e.g. : 

(a) The extension of each patch of bracken was measured separately. 

(b) An intensive study was made of certain subdivisions of the above 
areas, e.g. of the ‘"oases.” 

(c) An intensive study of individual species was made with reference to 
depth of root in the soil. . 

The water table was observed at intervals by noting the height of water in 
the bog, which frequently became a pond, and by digging in other parts. 
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OBSERVATIONS MADE DURING 1918 
Until tlie late autumn of 1918, the appearance of the ground remained 
almost unchanged, except that the burnt patches were covered with bright 
green vegetation, and stood out vividly from the surrounding stretch of bare 
ground. The striking contrast between these patches and the barren “desert” 
surrounding them, suggested “ oases.” It is on this account that we shall use 
this term in our reference to them. The vegetation of the oases consisted of 
Mmchantia polymorpha and Fimaria Iiygronietrica, which now covered the 
whole of their surface. 


W ft 


SCALE 


p. 


BOG 


RHODODEBDRONg 


Ecg. 2. Plan of the observational area divided into quadrats, etc. for map making. 

Some evidence of a slight advance on the part of the peripheral vegetation 
was observed, and enumeration of seedlings gave a considerable increase of 
pines sylvestris) and especially of hiiches {Betula alba). 

The giant sporophores of Bulgaria polymorpha once again appeared, giving 
the area in some parts the appearance of being covered at short intervals with 
cow dung. 
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During this year rabbits were frequent visitors, as was seen by their nibbling 
of Deschanvpsia Jkxuosa, and by the gradually accumulating nitrogenous 
debris which they left behind them. 



AN "OASIS" igig 


Fia. 3. Map of an oasis in 1919, illustrating the colonisation of a burnt patch. 

OBSEBVATION8 MADE DURING- 1919 
By May 1919, considerable changes had taken place, both on the open 
ground and on the oases (Fig. 3). The vegetation of the oases had a compact 
velvety appearance. Every square inch of space was occupied; indeed, in 
a few places the vegetation was stratified, for Marchaniia thalli were found 
actually creeping over Funaria, and Peltigera was spreading horizontally 
over both. The Marchantia, which was very abundant, showed an unusually 
close formation of archegoniophores and antheridiophores, and was producing 
gemmae. Fimaria was beginning to die down, and was covered with ripe 
capsules. In the centre of several of the oases, sporelings of bracken had made 
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considerable headway and were firmly established; Further interesting 
evidence of the oases being favourable seed beds was found in the variety of 
seedlings which had germinated upon them : for example, side by side were 
seedlings of a -willow, a willow-herb, a holly, and a sheep’s sorrel. It was most 
striking to find one bird-borne and three wind-borne individuals on a single 
oasis and only 05^6 example of each. 

The central region of the area was almost as bare as in the previous year. 
As in the oases there were a few immigrants, which included two plants of 
clover, a few of chickweed, a few composites, and some poorly developed 
individuals of the rose bay willow-herb {Epilobium angustifoUmn), 

In the peripheral region of the area Molinia caendea was the dominant 
element in the vegetation, as the Calluna and Erica spp. and Deschanipsia 
flsxuosa, though slightly more abundant than formerly, had not increased at 
the sam.e rate. Among the Molinia tussocks two year old birch seedlings were 
numerous and flourishing. The pine seedlings were fewer in number than the 
birches, and many of them looked unhealthy. As the result of excessive rain 
during the spring of this year, parts of the area were under water. The Molinia 
in these very wet parts was dead or dying. 

In the bog, Sphagnum^ although well supplied with water, was turning 
brown. The water in the bog was at this time neutral to litmus. 

The summer of 1919 was dry, and in consequence the water table had 
receded, and the bog was almost dry. The increased aeration of the soil due 
to this change had favoured the progress of Molinia, which was, however, 
attacked by Ergot (Clavieeps purpurea). At the outer limits of the area, with 
the exception of the ground immediately surrounding the tree stumps which 
was quite bare, Molinia was dominating an almost closed society. 

On a few of the oases the vegetation had been uprooted and trampled 
down, and thus was not able to develop on natural lines. The damage was 
probably caused by rabbits. In the bog, Sphagnum had disappeared for the 
time being, Polytriclium ]x^di nearly disappeared, and a species of Mnium was 
replacing them. 

No trace of Bulgaria was observed, although it had been so abundant the 
two previous autumns, nor has this fungus again appeared on the plot. 

Throughout the area, various seedlings, many fungi, and a moss, Campy- 
lopus Jlexuosus, occurred occasionally, and served to break the otherwise 
uniform dark colouration of the bare regions. 

OBSERVATIONS MADE DURING 1920 
As the result of heavy rains during November and December 1919, the 
area was wet in the spring of 1920. In runnels washed out by the surface 
drainage during heavy rain, seeds of Molinia had germinated readily, and 
thus young MoKwm plants occiirred in straight lines as though produced 
by rhizomes. The M^Unia, originally peripheral, now covered a 
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considerable part of tlie area. Erica fetralix and Calluna vulgaris were still 
associated with it, and were in a few localities even abundant. Deschampsia 
occurred frequently, but usually the foliage had been nibbled by rabbits. 
The pine seedlings were few in number, and unhealthy, except those on an 
elevated part of the bog margin. 

Now for the first time were noted the ravages of the pine weevil in the 
pine stools; and it was found that some of the pine seedlings had been partly 
eaten. The birches on the other hand were very numerous, and some of them 
reached a height of five feet. 

In October, Sphagnum appeared again in the bog. This was found to be 
coincident with a change in the bog water from neutral to acid reaction. 

Some of the oases, though still velvety, had a different floristic content, 
for Funaria and Marchantia had been succeeded by Dicranum longeanum, 
a moss common on the Bagshot Sands. Barbula fallax, Oampylopus flexuosus, 
Hypnumpurmn also occurred. The bracken on the oases was spreading rapidly, 
and appeared to be well established. As the Molinia advanced, it surrounded 
some of the oases, and eventually invaded them, the invasion being made 
easier no doubt by the previous breaking up of the surface by rabbits. The 
central part of the area was in parts dotted with young Molinia plants. 
A few specimens of species of Erica, Calluna, Deschampsia, and Rumex 
occurred, and Campylopus fiexuosus was so prevalent, that in some places the 
ground was of a uniform green colour. No fruits of this moss were observed, 
but a method of propagation by detached branches, formerly recorded by 
Rabenhorst, may account for the rapidity of its distribution. If one draws 
a finger lightly over the surface of the moss, large numbers of short detached 
branches are thrust up, and lie free on the surface. This takes place so definitely, 
that one can mark out a design on the surface of the moss. These freely exposed 
branches can be blown away by the wind. If, on the other hand, the finger 
is drawn rapidly and with some slight pressure over the moss, the free branches 
spring up elastically, owing to the compressed condition of the upper stratum, 
as compared with that of the lower, and shoot to a considerable distance. Thus 
the scurrying of rabbits across a patch of Campylopus results in the wide 
distribution of leafy branches, which quickly establish themselves by rhizoids. 
This characteristic of Campylopus may account for its hold over the long 
exposed central region, which for some reason or other never became colonised 
by germinating seeds and spores. 

OBSERVx^TIONS MADE DURING 1921 

In the early part of this year, colonisation received a check as a result of 
fire. Many seedlings were scorched and birches injured and some of the pines 
completely destroyed. The injury to the Molinia was not fatal. Oases with 
their established bracken escaped, as Campylopus was incapable of spreading 
the fire. The bracken {Pteridium aquilinum) was growing radially out from 
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those centres where sporelings had previously been noted. There were only 
five oases on which bracken had failed to establish itself, and only five patches 
of bracken in places which had not formerly been burnt areas. Thus the great 
majority of established plants of bracken were strictly limited to the oases. 
On one of these Marchantia was growing well and bearing old archegoniopliores. 



Fro. 4 {a). Arching of Bracken rhizome whose apex W’as unable to grow forward owing to the 
hardness of the soil. The portion of the rbizome behind the aj>ex has elongated and ciir\"ed, 
raising itself above the surface of the soil from which the apex has been lifted by liand. 



Fio- 4 (6). Arching of Bracken rhizome as in {a). Here the rhizome has raised the soil into a 
small hummock (indicated in section). 

Another oasis was completely surrounded by and showed signs of 

yielding to its pressure, as Polyt/richum was found brown and flattened under 
the 'tussocks. ■ 

The summer was exceptionally hot and dry and there was much evidence 
of the ravages of rabbits. Both CaZtett and Erica cinerea were nibbled 

and the covering of so vividly green and uniform in 1920, was 

very thoroughly broken up into fragments. As the drought continued. Campy- 
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lopus was furtlier destroyed, and by the end of tbe year a large central region 
of tbe observational area was again bare of vegetation. A deep hole dug in 
the south-west corner on June 10th had revealed no water even at a depth 
of threerand-a-half feet, though the sand became moist to the spade at a 
depth of nearly three feet. 

It was evident in the autumn, that seedlings of E. tetralix, which had ap- 
peared among the Molinia plants in the north-east corner, were less affected 
by the drought than was Molinia The rabbits had left the Calluna 

for the more succulent young birches and had nibbled leaves and dragged 
off the twigs up to a height of two or more feet. The bracken rhizomes on the 
oases were unable to continue their underground growth. In some cases the 
apex was still alive, in others it had perished but was still fixed in the ground, 
and where the apex had failed to progress, knee-like ascending curves were 
formed by the rhizomes in their growth (Fig. 4). It seemed that elongation 
of the rhizome had been taking place but not at the apex. To verify this a 
detailed map of one oasis made in May of that year was compared with the 
oasis in its autumn state, and a record was made of the change in extent of 
the bracken in the five months that had elapsed. It was found that not only 
was the extent reduced along many radii, but there had been no considerable 
addition along any radius. 

Very little progress was made therefore in 1921 owing to the fire in J anuary 
and the subsequent drought, which not only retarded but actually destroyed 
much of the early beginnings of growth. Indirectly these events caused the 
destruction of the lower branches of many birches, as the heather became too 
dry to be palatable to rabbits. During the following winter the rabbits did 
further injury to heather and birches and to the bracken, not only in its sub- 
terranean parts but in the newly exposed parts of the rhizomes (see Fig. 4). 

A comparison mth a neighbouring lumbered pinewood, viz. Callow Hill, 
was made in July. Here the vegetation had advanced much more rapidly. 
Nearly the whole hill side was covered with bracken, and there was much 
Vaccinium myrtUlus and several young deciduous trees: Rhamnus frangula^ 
Quercus sp. and Oastanea. Oases which, three years previously, had been as 
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well delimited as those on the Virginia Water area, were no longer distinguish- 
u))le from the surrounding land, which was carpeted with 

ueighbouring lumbered area, viz. the Clockcase Woods, was stiH covered in 
many parts with an almost pure growth of EjptloUum migusUfolmm. Thus 
three areas once dominated by Pinus sylvestris were regenerating along 

different lines. 

OBSERVATIONS Mx4.DE DURING 1922 
4s already stated, the Gamfylofus covering of the central and otherwise 
barren area had been destroyed by the drought in 1921. It was interesting 
therefore to note in January 1922 that the soil had become almost covered 
with lichens, chiefly Cladonia species and some PelUgera. A careful examina- 
tion of the soil for the presence of earthworms was made but no trace of worms 

or their casts was found, even in the vicinity of the bordering paths. _ 

The exceptionally hot early summer was followed by a cool and rainy 
season which was extraordinarily favourable to the regeneration of the area. 
The ripening of spores and seeds served further to promote it. The history 
of the selected oasis was continued. The records made in October showed 
that the rHzomes of the bracken now extended from the centre of the oasis 
to a distance of 14i feet. This indicates the favourable conditions for growth 
of bracken that prevailed during the latter part of the summer of 1922. 

When 1922 closed the observational area looked quite overgrown and it 
was difficult to see the boundary. The taUest birches were six feet in height. 
There was stiU a considerable barren area in the centre: even the lichens 
which covered it in January had withered during the heat of the early summer. 

The same rapid regeneration of the vegetation was observed in the two 
other lumbered areas during repeated visits made throughout the year. The 
development of their vegetation in 1922 accentuated the differences between 

them differences not only floristic but also distributional. By means of 

contour maps the distribution of vegetation in all these areas was compared. 
From these it became evident that the inclined surface was always better 
populated than the flat surface above it, and less well populated than the 
flat surface below it, and this irrespective of aspect. It would appea,r either 
that the leaching of the plateau by rain was unfavourable to the establishment 
of new vegetation, or that the plateau periodically became too dry to support 


7. Charts of quadrat 4 (20x20 ft.) in the Fia. 8. Charts of quadrat 39 (00x60ft.) in the 

years 1917, 1919 and 1924, illustrating the in- years 1917, 1919, 1920, showing the spread of 

vasion by Calluna vulgaris of the already estab- Molinia, 

lished Erica tetralix. Por key to symbols see' page 129. 9—2 
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Molinia caerulea and heaths, of which Erica tetralix was more abundant 
than Calluna vulgaris, were dominant and Pteridium aquilinum was locally 
dominant. There was no doubt that the steady progression of Pteridium 
aquilinum, still continued. On the other hand Calluna vulgaris and Erica 
tetralix had often given way before encroaching Molinia. To a casual observer 
the grasses were the most noticeable feature of the ground flora, but in 
February 1925, when the birches and taller herbs were cut down by the 
forest authorities of Windsor Great Park, the equal dominance of the heaths 
was obvious. 

Of the less frequently occurring members of the community, special 
mention must be made of young pines and rhododendrons, which occurred 
sporadically in the moister parts, that is along the ditch and near the bog. 
Twenty saplings of Pinus sylvestris and 103 seedlings ot Rhododendron fonticum. 
were counted. These numbers are explained by the fact that there were in the 
neighbourhood many rhododendron shrubs and a pine tree. 

Other colonists recorded are: 


Angiospermae. 


Quercus robur (pedunculata) 12 


XJlex europaeus 6 

Ilex aquifolium 1 

Bhamnus frangula 5 

Bubus fi’uticosus 2 

Erica cinerea occ. 

Epilobium hirsutiim occ. 


Descbampsia fiexuosa 

occ. 

Taraxacum vulgare 

. occ. 

Urtica dioica 

2 

Bumex acetosella 

2 

June us communis 

occ. 

J. bulbosus 



( = J, supiiins, Moench) 1 


Bevophyta. 

Sphagnum Polytrichiim Dicranum 

Old stiiinps of trees were found to be covered with lichens, e.g. ParmeKa 
fuUginosa var. laetemrens and Physcia ciliaris^ and mosses, e.g. Hypmim 
cupressiforme and Cemtodon purpureus, 

The bare central region, which was higher than the rest and covered with 
a thin humus of pine needles, was colonised almost entirely by lichens and 
mosses which formed a close covering. CMoma macwfento, C.fimbriata and 
occasionally PeUigera canina Mexe iound, a^nd Gampylopus pyrifon^^^^ was 
frequent. Very rarely there occurred closely nibbled plants oi Calluna vulgaris, 
and the less high regions around were sparsely covered with partly nibbled 
Molinia caerulea, untouched Erica tetralix and occasional Festuca rubra. 

In order to discover how far the bareness of the central region was 
due to the ravages of rabbits, wire cages were set up in June 1924, each en- 
closing a square metre of ground; but no definite conclusions could be drawn 
from observation of these for they were unexpectedly destroyed six months 
later. In January 1925 the forest authorities of Windsor Great Park cut down 
the natural birchwood that had established itself on the observational area 
and replanted Pinus sylvestris. 


Margaret Benson and Elizabeth Blackwell 


133 


LIST OF PLANTS RECORDED DURING 1917-1023 


Dicotyledons. 


Betula alba (verrucosa) 
B. pubescens 
Calluna vulgaris 
Castanea sativa 
Cuscuta epithymuni 
Epilobium angustifolium 
E. birsutiim 
Erica cinerea 
E. tetralix 
Ilex aquifolium 
Potentilia erecta 


Quorcus robur (])e(liineulata} 
Rhamnus frangula 
Rhododendron ponticum 
Rubiis fruticosus 
Riimex acetosella 
Balix sp. 

Senecio vulgaris 
Taraxacum vulgare 
Ulex europaeus 
Urtica dioica 


Monocotyledons. 

Deschampsia flexuosa Juncus bulbosus 


Pestuca o vina 
E. rubra 


Larix eiiropaea 


J*. communis 
Molinia caerulea 

Gymnosperms. 

Finns syivcsti'is 

Ptbeidophyta. 


Pfceridiuni aquilinum 


Bryophyta. 


Marchantia polymorpha 
Barbula fallax 
Campylopus flexuosus 
0. pyriformis 
Ceratodon purpureus 
Dicranum longeanum 
Eunaria hygrometrica 


Bulgaria i^olymorpha 
Calocera cornea 
Ciaviceps purpurea 
Flam.mula sapinea 
Galera hypnorum 
Hypholoma fastigiata 


Hypnum cupressiforme 
H. puruni 

Leucobryum glaucurn 
Mnium sp. 

Polytrichum commune 
Sphagnum spx3. 


Fungi. 


Laccaria laccata 
Merulius tremulosa 
Mycena epipterigia 
Paxillus involutus 
Scleroderma vulgare 


together with various species of Phycomycetes and Myxomycetes. 

Lichens. 

, Cladonia hmbriata Parmelia fuliginosa 

C. maculenta Physcia ciliaris 

Peltigera canina 

Algae* 

Since 1919, a certain number of soil algae have been isolated, of which 
Cystococc'iis is the most frequent unicellular form and Hormidium the dominant 
filamentous. Perhaps the most interesting feature is the extraordinary 
abundance of Oarteria from 1923 onwards, in the surface soil of the wetter 
parts. 

DISCUSSION 

The plant succession on the area passed through various stages of heath 
towards the establishment of a dense young birch-wood. In the centre of the 
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area even tu the last (1925) there remained a bare region. Tlie marked failure 
of all plants other than Cladonia spp. and Gampiflopus spp. to colonise here 
was striking. It could not be that seeds and spores did not arrive. It was 
at first attributed to the ravages of rabbits, but the isolation of a portion of 
the ground by means of cages of wire-netting did not, in the short period 
over which observations were made, justify this conclusion^ The ground was 
higher here and its bareness may have been due to special conditions of leaching 
by rain or of extreme drought. The latter condition existed for short periods 
during the summer months, when the water table was very low. Possibly 
the area did not remain sufiiciently moist for long enough at a time to allow 
seedlings and sporelings to become established. In addition to the lichen and 
moss mentioned above only occasional plants of Ccdlufid ‘duly (if is managed to 
get a hold; these were nibbled close by rabbits. 

The failure of the pines to re-establish themselves may have been due, 
at least in part, to the attacks of the weevil which, by 1920, had become 
abundant among the pine stools. It is well known that weevils feed on young 
pines, and some pines had been attacked. No traces were evet found of the 
pine beetle {Hylesmus piniperda, L.), and this was due undoubtedly to the 
preliminary burning of the tree tops by the lumbermen. Apart from the 
weevil, disease and competition appear to have but little affected the vegeta- 
tion, although eigot (Glaviceps purpurea) occuixed on Molinia, and dodder 
{Guscuta epithynium) on Calluna. As natural regeneration of pines on the 
moister regions of the Bagshot Sands is known to occur, however, further 
explanation should perhaps be sought for their failure in this region. No less 
than 55 pine seedlings were counted in 1917, and 62 in 1919, but only 20 in 
1924. These 20 surviving pines were all in the peripheral region of the area, 
on ground which had never been burnt or otherwise completely denuded. 
Fourteen of them are marked on the maps for 1917, 18 on the maps for 1919, 
and it is possible that the other two were overlooked. In 1925 they were well 
grown trees of 3 to 4 feet in height. Pine seedlings have rarely established 
themselves since the area was lumbered. It is evident that the ground is 
suitable for pines once they have established themselves, for the area has 
been successfully replanted with pines and was, of course, previously a pine- 
wood. Many suggestions might be offered to account for the failure: e.g, the 
possible loss by fire or drought of the essential symbiotic fungus of the roots, 
or the special character of coniferous wood, or the shallow root system of pine 
seedlings which could not withstand the periods of drought. Up to 1920 
Molinia and Betula were the two Phanerogamic species which were best 
established on the area. The heaths had obtained a hold, but were not so 
abundant as Molinia and Betula, 

In order to discover what characteristic of these plants made them more 
successful than any other colonists the root systems were compared with 

1 See note on page 137. 
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those of other species occurring on the area. It was found that two year old 
-pim seedlings, Erica^ . Oalh^ and Bescliampsia, had root systems which 
ramified profusely in the humus, but did not penetrate the sand. In the 
case of two year old birches and MoUnia, however, the roots reached the 
water level. These two species therefore were more capable of withstanding 
periods of drought, than were the shallow rooted plants. The establishment 
of the heaths on the area, in spite of their roots not tapping the water table, 
causes no surprise, for it is well known that the xerophytic character of their 
leaves enables the plants to thrive in difficult conditions of water supply. 
It is possible that the leaves of seedling pines are not so well equipped. 

In the ravages caused by rabbits it is certain that Calluna vulgaris suffered 
most. Erica cinerea, Molinia caerulea, and Deschamgma fl^exuosa were often 
nibbled and in 1921, during the great drought, the rabbits left the dry Calluna 
for the more succulent young birch trees. Erica tetralix on the other hand was 
absolutely untouched. The preference shown by rabbits for Calluna vulgaris 
was very marked. This preference was an independent observation during 
the course of this work. We have since noted with interest that Farrow, in 
his work on the vegetation of Breckland (This Journal, 5), has observed the 
same thing. In some parts, however, in spite of this, Calluna vulgaris steadily 
invaded the already established Erica tetralix (Fig. 7). 

Among the problems which interested us was the scarcity of the Eose bay 
willow-herb (Epilobium angustifolium). The fact that only two flowering 
specimens of Eose bay,” or as the Canadians call it, on account of its presence 
after forest fires, ‘^ Fire weed,” have ever been observed on the plot, has caused 
surprise. Its complete failure to establish itself is especially interesting on 
account of its wide occurrence on a similar lumbered region, called the Clock- 
case Woods, about a quarter of a mile distant on the south side of the Bagshot 
road. Eose bay grows abundantly on this land, and is spreading vegetatively, 
and by seed. The Clockcase Woods are on higher ground than the observational 
plot, and also on a steeper slope. The water table in the Clockcase Woods 
was 4 ft. 3 ins. below the surface, as compared with 20-30 inches in the 
Virginia Water area, when measured in November 1920. This level coincided 
with the level of the surface of the clay in the latter area, but, at a depth of 
4-J feet, no clay was found in the Clockcase Woods. Probably these differences 
unite to ensure in the soil of the Clockcase Woods a better drainage system, 
and more efficient aeration and nitrification than are found in that of the 
Virginia Water area. The Swedish botanists regard the Eose bay as a good 
index of active nitrification in forest soils. It is suggested that these factors 
may account for Eose bay occurring so abundantly in the Clockcase Woods, 
and so rarely in the other area. 

With reference to the record ot Mar chantia, we may note that, while 
Lunularia and Pellia are extraordinarily abundant in the near neighbourhood 
of the College, Marchantia has always been scarce, and no member of the 
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College tas known it to fruit in this district. The sudden appearance on the 
area of plants which were fruiting so abundantly that the ground was yellow 
with the shed spores caused, therefore, no little surprise. But the arrival of 
the plant was hardly more extraordinary than its almost total disappearance 
after two years of apparently successful establishment. The latter phenomenon 
may perhaps be partly accounted for by the sharp competition which occurred 
on the oases. 

The sudden appearance oi Bulgaria polymorpha in 1917 was not so sur- 
prising, for it is a common fungus in the neighbourhood. Its enormous size 
and its abrupt and complete disappearance were, however, most remarkable. 
It has not been recorded for the area since 1918. 

SUMMARY 

1. An account is given of the colonisation of a denuded area, the observa- 
tion of which extended over eight years, viz. from the complete destruction 
by felling of a pine-wood in 1916, to the destruction in 1925 of a young birch- 
wood which had established itself in its place. 

2. The establishment of a birch- wood on the waste ground of a destroyed 
pine- wood was due to two factors: 

(a) The failure of to re-colonise the ground : pine seedlings 

numbered 55 in 1917, 62 in 1919 and 20 in 1924. 

(&) The immense success of Betula alba both in growth of each individual 
(many had attained ten feet in height by 1925), and its quick increase in 
number (birch seedlings numbered 53 in 1917, 219 in 1919 and over 1000 in 
1924). 

3. In the record by notes and maps made from year to year of the evolution 
of the birch- wood fmther facts of general interest made themselves evident : 

(а) The immediate colonisation of certain burnt patches of ground by 
Marchantia polymorpha and Funaria hygrometrica. 

(б) The establishment of Pteridium aquilinum in these moist nests of 
Bryophyta. 

(c) The steady advance of the Pteridium from these definite centres over 
the surrounding, usually bare, ground. 

{d) The widespread colonisation of the area by numerous individuals of 
Betula alba, Molinia caerulea. Erica tetralix and Calluna vulgaris. 

{e) The competition between Molinia and the heaths, which, to the casual 
observer in 1924, appeared to be won by Molinia, although, as was clearly 
seen after the cutting down of the vegetation in 1925, neither could be con- 
sidered dominant. 

( / ) The competition between Calluna vulgaris and Erica tetralix, in which 
the latter became dominant on the moist parts and the former on the high 
and dry parts; in which too the latter had an advantage in being distinctly 
more successful in the early years. 
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(g) The obvious preference shown by rabbits for the 

(A) The striking absence of angiosperms other than the few mentioned 
above, esigeciollj oi Epilohium angustifolium, which in other regions was 
locally dominant in similar denuded and burnt areas. 

4. Certain facts of special interest emerged: 

[а) The oiitcrop of immense sporophores of Bulgaria polgmorpka in the 
first two years, and its total absence since 1918, although other fungi, lichens 
and mycetozoa were numerous on the ground and on the old tree stumps. 

(б) The luxuriance of Marchantia pokjmorpha m 1919, especially rich in 
archegoniophores, antheridiophores, and gemmae, and its total disappearance 
later, along with its fellow pioneer F unaria hygrometrica, 

(c) The special method of dispersal of the moss Campylojyus jiemos us, 
which ensured its widespread success until the drought in 1921. 

{d) The peculiar knee-like curves of the lengthening rhizomes of Pteridium 
aquilinum, whose growing points were prevented from advancing in the hard 
ground after the drought in 1921. 

Acknowledgments are due to our colleagues N. Thomas (Mrs Ferguson) 
1917-1919, and K. E. Light 1919-1925, and to students in the Botany 
School, Royal Holloway College, during the years 1917-1925. The figures 
have been drawn by M. I. Thomas. 

NTotb added Januaby, 1926. 

It is now possible to make a more definite statement with regard to the 
influence of rabbits on the bare central region. 

Before replanting with pines in January, 1926, the forest authorities 
enclosed the whole area by rabbit-proof fencing. In the autumn of that year 
it was observed that the central region was becoming colonised to some 
degree. The occasional old plants of Galluna vulgaris were no longer closely 
nibbled and new plants had established themselves. Photographs taken from 
the same spot in June, 1924, and October, 1925, show a noticeable increase 
in vegetation in the central region. Destruction by rabbits, therefore, was 
one factor responsible for the continued failure of vegetation to colonise the 
central region during the eight years the area was under observation. 


ON THE ORIGIN OF THE XEROTHERMIC PLANT 
ELEMENT IN BULGARIA 

By N. STOYANOPF. 

Tie vegetation of Bulgaria ias been often described as being of a steppe 
character. Such terminology may be found both in descriptions by well- 
known travellers and in contemporaneous geographical manuals. Although 
partly exaggerated these descriptions correspond to a certain extent with 
the opinion of several phytogeographers. Thus, Velenovsky^ describes as a 
steppe the environs of Rahovo and Burgas, and Podpera^ those of Khaskovo. 
However, after studying carefully the vegetation of such woodless localities 
in Bulgaria, it becomes evident that this steppe character is hardly natural. 
Even in such especially treeless districts as the environs of Gebedje in eastern 
Bulgaria, numerous remnants of a former forest vegetation may be observed 
in the form of reduced shrubs of Quercus pubescens, Ulmus campestris^ Carpinus 
duinensis, Fraxinus ormis, Acer campestre, etc. Here and there even separate 
small trees are yet preserved. In the above mentioned localities near Rahovo, 
Burgas and Khaskovo such remnants of a former forest vegetation are rather 
more evident. The country between Sofia and Dragoman, which Lavelye^ 
describes as a real steppe, was covered in historic times with large forests, 
which formed a part of the famous Sylva bulgarica, lenowned in the history 
of the Crusades. Remnants of the forest vegetation, which composed these 
woods, are even comparatively abundant to-day. The forests of Deli- Orman 
in north-eastern Bulgaria are the last remains of the natural vegetation, which 
once covered the now nearly woodless plain of the Danube. 

The present lack of trees and the spreading of the steppe plants in many 
parts of Bulgaria are chiefly due to the direct and indirect activities of man. 
Adamovic^ gives a true and instructive description of how wooded areas in 
Bulgaria and the neighbouring countries are gradually transformed into scrub- 
land by man and his methods of farming. Afterwards the bushes disappear 
also and the terrain becomes like a real steppe. 

The plants, spreading through such deforested terrains, belong mostly to 
xerothermic species, such as are able to spread rapidly and to accommodate 
themselves easily to new conditions. Their dispersal is indirectly aided by man, 

1 J. Velenovsky. Flora bulgarica. 8up^l. 1,' 324-327. 

2 J. Podpera. “Ein Beitrag zu den VegetationsverhaJtnissen in Siidbulgarien.” Verhandl. 
d. zool.-bot. Ges. p. 608. Wien, 1902. 

2 E. de Lavelye. La pSiinsule des Balkans, pp. 56-58. Bruxelles, 1886. 

^ L. Adamovia, Die V egetationsverhdltnisse d&r Balkanldnder, jjp. 526-528. Leipzig, 1909. 
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and increases with the enlargement of the cultivated surface. Many of them 
belong to the ruderal and half-ruderal element. 

Eepresentatives of such a secondary steppe vegetation are : 


Andropogon isciiaemum 

Melilotus officinalis 

Veronica spicata 

A., gryllus 

Astragalus onobrychis 

V. teucrium 

Cynodon dactyion 

Coronilla varia 

V. chamaedrys 

Poa bulbosa 

Linum perenne 

Plantago lanceolata 

Bromus erectus 

Polygala comosa 

P. arenaria ' 

Festuca ovina 

Eupnorbia virgata 

Asperula cynanchica 

Aegylops cylindrica 

B. gerardiana 

A. galioides 

Carex praecox 

Eryngium campestre 

Galium verum. 

Polygonum convolvulus 

Bupleurum falcatum 

Scabiosa ucranica 

Silene otites 

Eaicaria rivini 

S. ochroleuca 

Stellaria graminea 

JSfonnea pulla 

Campanula traclielium 

Cerastium arvense 

Onosma spp. 

0. bononiensis 

Holosteuin umbellatum 

Ajuga genevensis 

Achillea millefolium 

Hemiaria glabra 

A. laxnianni 

A. setacea 

H. hirsuta 

Teucrium polium 

Artemisia campestris 

Sanguisorba minor 

Salvia silvestris 

Centaurea spp. 

Potentilia recta 

S. aethiopis 

Tragopogon majus 

P. argentea 

Staebys germanica 

T. orientalis 

P. canescens 

S. recta 

Lagoseris bifida, etc. 

Medicago faicata 

Verbascum spp. 


M. minima 

Linaria genistaefolia 



In some parts of South Bulgaria, as for example around Khaskovo, the 
presence of numerous Papilionaceae and among them especially of different 
species of Tn/ofom is characteristic for such pseudo-steppe formations. 
A similar spreading of the xerothermic elements, due to the activities of man, 
has been observed also in other countries of Europe. It is noted in the Western 
Alps by Briquet^, in Germany by Weber^ and Schalow^, etc. 

Simultaneously with this secondary steppe vegetation traces of a primeval 
xerothernoic plant element may be observed in Bulgaria. It differs from the 
above described in several respects. It, is neither able to spread extensively, 
nor to accommodate itself to any new ecological conditions created by man. 
Its components are therefore generally distinguished by their conservative 
character and may be met here and there in localities which are little influenced 
by cultivation and probably were not wooded even in those times when 
Bulgaria was more forested than it is to-day. Refuges or relict-places of such 
plants may be chiefly found on dry limestone rocks, less often on other kinds 
of dry rocks, on sand, salty soils, etc. Such a characteristic refuge may be 
observed on the rocky limestone hills between Dragoman and Belidie in 
Western Bulgaria. On these hills there are growing: 

Stipa pennata Amygdalus nana Eryngiura paimatiiin 

Agropyrum cristatum Astragalus testiculatus Hyssopus officinaJis 

Allium saxatile A. depressus Gonioiimon tataricum 

Silene longiflora A. pubifiorus Artemisia camphorata 

Anemone silvestris Anthyllis montana Jurinea tsar-ferdinandi, etc. 

Potentilia rupestris Gachrys alpina 

^ J. Briquet. “Ee developpement des Flores dans les Alpes occidentales.” Msult scimt. 

JwiemiE Pota. pp. 166-167. Vienne, 1905. 

“ A. Weber. “Die GescMehte der Pflanzenwelt des norddeutschen Tiefiandes seit der 
Tertiarzeit.” p. 111. 

^ E. Scbalow. “Die Pflanzenvei’breitung und vorgescMchtiicbe Besiedeiung.” Naturwiss. 
Wochenschr. pp. 173-177, 1922. 
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Anotlier similar oasis with evidently old xerothermie vegetation lies on 
the limestone rocks and calcareous sands near Gebedje, in Eastern Bulgaria. 
Of the xerothermie plants, which occur there, may be mentioned : 


Siiene supina 
Gypsopliila paniciilata 
Arenaria rigida 
Ttymiis carnosuius 
Liniitn flavum 


Lepidotrichum iiechtritzianum Hedysarum taiiricum 
x4stragaliis virgatus Riita biebersteinii 

A. austriacus Matthiola tristis 

A. vesicarius Salvia grandiflora^ etc. 

A. albicaulis 


Kefuges of conservative xerothermie plants may be observed also in many 
localities, spread almost over the whole surface of Bulgaria. As representatives 
of this tyi^e of vegetation the following species may be listed: 


Ephedra vulgaris 
Stipa aristella 
S. capillata 

Bromus transsiivanicus 
Braehypodium sanctum 
Psilurus nardoides 
Lepturus pamionicus 
Sternbergia colchiciflora 
Asphodeline taurica 
Allium flavum 
Silene chlorantha 


Saponaria bellidifolia 
Queria hispanica 
Mimiartia montana 
Iberis saxatilis 
Spiraea crenata 
Caragana frutescens 
Astragalus physoealyx 
A. piigioniferus 
A, thracicus 
A. jankae 
A. arnacantha 


AnthylUs aurea 
Polygala supina 
P. rhodopea 
Pimpinella tragium 
Androsace maxima 
Verbascum liumiie 
Celsia orientalis 
C. roripifolia 
0. rupestris 
0. bugulifoiia 
Morina persica, etc. 


A recent extension of most of the above xerothermie plants can hardly 
be postulated. Most of them cannot withstand the influence of cultivation, 
and disappear in localities to which farming extends. Practically none of 
them shows any tendency to increase the area of its distribution in Bulgaria, 
at least under the present physical conditions. Some of them show features 
characteristic of relict organisms, whilst they do not reproduce freely. Some 
of them even seem to be on the way to extinction in Bulgaria. Astragalus 
physoealyx, an old type, belonging to the monotypic B^Gtion Pogonotropis, 
is a good example. The only place, where this plant was known to grow, was 
on a rocky hill near PHIippopel. Even in 1871 Janka, after a long search, 
could find only a single group of 10 specimens of this plant He stated then, 
that only a few of the fruits he found on these plants seemed to produce 
viable seed. During the last 17 years Astragalus physoealyx has not been 
found, either in that place or elsewhere, and the only two living specimens, 
known at present, are growing in pots in the Eoyal Botanic Garden in Sofia. 
All attempts to multiply this species were unsuccessful, because ripe fruits 
of it can be rarely obtained. tsar-ferdinandi, growing on the limestone 

rocks near Dragoman, does not seem to flower every year, and even when 
it does, the flowers and fruits are usually not abundant. Astragalus testiculatus, 
which also grows near Dragoman, seems similarly to have only slight powers 
of reproduction. 

Many of the plants listed above have a limited distribution in Bulgaria, 


1 V. Janka. “ Correspondenz aus Pbilippopel ’Mn Oesterr. hot, Zeitschr. p. 218, 1871. 
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being known only in one or two isolated localities. Tlius Caclwys alpina, 
Asfmgahis tesfdcMlatiis^ Paeonia comlUna and Arfmmia ehmnmmdifoUa are 
each known from only one locality in Western Bulgaria, Iheru saxatiUs, 
Astmgalus amacantha Midi A. jankae each, from one locality in Soiitliern 
Bulgaria, .4. pubifloms in two isolated places in Western and Eastern Bulgaria, 
Alsine fmntana in one place in Bulgarian Macedonia. Bmchgpodkim saxidmn^ 
Asphodeline taimea. Poly gala supina, Verhascimi hum, He ^ etc. are growing in 
discontinuous and isolated areas. 

The existence of relict xerothermic plants, which may be found in several 
isolated places, dispersed over almost the whole surface of Bulgaria, supports 
the opinion, that Bulgaria has passed through an era of time when xero- 
thermic plants were more widely spread than they are at present and when 
the climate was relatively drier. That era probably corresponds with the 
period when in Northern Bulgaria the thick layers of loess were formed, which 
are so characteristic of this part of the country. It was probably the time 
which is described by geologists for Middle Europe as the Aquilonar or Steppe 
period. 

A similar twice repeated spreading of the steppe vegetation has been 
observed also in neighbouring countries. Thus in Southern Russia, according 
to Kusnezowb the steppe vegetation has enlarged its area within historic 
times, in consequence of the destruction of forests by man. In prehistoric 
times the forests had advanced southwards over the steppe. However, traces 
are found also of an old wider spreading of steppes, which preceded the natural 
extension of forests in Southern Russia. 

In that more remote period there probably occurred in Bulgaria the 
extensive development of certain plant genera such as Gemsta, Astragalus, 
Verbascum,, Gentaurea and certain sections of Dianthus, which are now repre- 
sented by numerous species. Some of them seem to have continued this 
development till the present time; some others, such as Y erbasmm, ate now 
represented by mostly constant and well limited forms. 

If we examine the geographical distribution of this xerothermic vegetation, 
it becomes evident that it has a considerable and direct connection with the 
steppe vegetation of Southern Russia. How intimate this connection is may 
be illustrated by the fact, that of 425 species, which Krasnov^ refers to as 
characteristic of the South-Russian steppes, 272, i.e. more than 60 per cent., 
occur also in Bulgaria. Besides this there is a noteworthy connection also 
with the Mediterranean flora, as has been observed by all investigators of the 
Bulgarian flora. 

In many cases xerothermic plants are so widely spread both in the Mediter- 

^ N. J. Kusnezow. “Die Vegetation und die Gewasser des Europaisclien Eusslands ’’ in 
EngUT^sbot,Jahrbdm/2By22l--22%,im-l^^ 

^ A. Krasnov. “Steppes de la Knssie meridionale.’* AymaUs de giogmpMey llt, 315-318, 
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ranean and tlie Steppe provinces, that it is difficult to decide to wMcli group 
they may belong. As examples may be mentioned: 


Stipa pennata 
S. capillata 
PUeum boelimeri 
Crypsis alopeciiroides 
Enpliorbia gerardiana 
Teiicrium poiiiim 


Salvia aethiopis 
Scutellaria orientalis 
Clionclrilla juncea 
Erysimum repaudum 
Eryngium campestre 
Androsace maxima 


Triticum cristatum 
Ephedra vulgaris 
Asparagus officinalis 
Allium moschatum 
A. flavum 

A. paniculatum, etc. 


The South- Russian steppes, whose vegetation is so closely related to the 
Bulgarian xerothermic plant elements, are a relatively new formation, geo- 
logically speaking. Their flora is consequently also of a relatively new origin 
and received its elements from the neighbouring countries, after the recession 
of the sea, which formerly covered that province. 

Only a very small proportion of the steppe plants can be supposed to have 
originated in Southern Russia itself. Krasnov mentions 16 species, which 
he supposes to be endemic and original elements of that vegetation. These 
plants are growing in the most elevated parts of the South-Russian steppes, 
on areas of soil which, according to the Russian geologists, have not been 
covered with water, but formed islands in the Quaternary South Russian Sea. 
This statement of Krasnov’s received lately an indirect affirmation by Kuzniar’s 
investigations^. This author found in Southern Russia traces of. an old mountain 
range, which ran in the direction^ — from Volhynia and Podolia, across Jitomir 
and Ekaterinoslav towards the estuary of the Don. This mountain range was 
connected by extensions with the Crimea and Caucasus and also with the 
Dobruja, i.e. with the eastern part of the Balkan Peninsula. Szafer^ records 
Tertiary relict plants in the vegetation of Volhynia and Podolia, whose presence 
is connected with the history of that mountain range. It is therefore interesting 
that of the 16 species mentioned by Krasnov as relicts, one is related to a 
species known from the Balkan Peninsula and one is recorded from Bulgaria. 
Schiwereckia 2>odolica is represented in the mountains of the Balkan Peninsula 
by a closely related species — S, bornmuUeri, while Asperula iyraica is recorded 
from Bulgaria. 

South Russia is, from the geographical point of view, only an advanced 
post of the large steppes and deserts of Western and Central Asia, hence the 
closest relationship between the vegetation of these countries is to be expected. 
Such relationship is accepted as a matter of course by many floristic investi- 
gators. An especial light is thrown on the character of this relationship by 
the conclusions reached by Borszczow^, whose knowledge of the steppe vegeta- 
tion in European and Asiatic Russia is above all doubt. These conclusions are 
summarized by him in the following six points : 

(1) The majority of the commoner plants of Central Russia with a distribu- 
tion west of the Caspian Sea, extending to Transcaucasia, have as their 

^ According to W. Szafer: “ Les plantes tertiaires montagnardes aiir la chaine scytique dans 
ie refuge de Podolie et Volhynie.” Acta Societ hotan, Poloniae, 1 , 97-119, 1923. 

^ ® See O. Paulsen cited below. 
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southern limit of, distribution east of the Caspian Sea in,' Aralo-Caspia; the 
parallel of 61 K lat. 

(2) When these forms occur farther east in Siberia, the boundary limiting 
their area of uninterrupted distribution lies outside of Aralo-Caspia and always 
north of 51|^ N, lat. 

{^) Most of the typical steppe plants met with in Sotdhern Russia, and 
distributed towards the west from the Caspian to the foot of the Caucasus, oMain 
their southern limit in Aralo-Caspia at the 2 )araUel o/ 49° N. laL and their eastern 
boundary at the meridian of the Mugodshar range; if they oectir farther east, they 
never go farther south than N. lat. 

(4) The more southern plant forms, characteristic both for Persia and 
Aralo-Caspia, do not occur in our flora of the present time farther north than 
49'^ K lat. 

(5) The more eastern forms, met with in the Altaian Siberia, are rarely 
met with farther west than 78'^ E. long. P. (about 60*^ E. Greenwich). 

(6) In the case of a great many south-eastern forms, the lower course of 
the Syr-Daria (45-46'^ N. lat.) is the northern boundary and the meridian of 
the eastern shore of the Aral Sea (70° E. long. F. — about 62° E. Greenwich) 
forms the western boundary^. 

If we trace on a geographical map the boundaries mentioned by Borszczow, 
becomes evident, (1) that the steppe flora in South-Eastern Europe has rela- 
tively little in common with the xerophytic vegetation of Turkestan and 
Central Asia; (2) that a flora, related to that of the steppes in South-Eastern 
Europe, occurs in Western Siberia only in a tract of land which lies betw^een 
49° N. lat. and the belt of the Siberian forests. These facts scarcely harmonize 
with the common conception of the South-Eastern European steppes as only 
a branch of the large steppes and deserts of Asia. However, almost the same 
conclusions have been reached by modern Russian botanists. Thus according 
to Kuznezov^, the steppes of Western Siberia occupy a tract of land, whose 
northern boundary runs across Jalutorovsk, Ishim, Tatarskaia, Kolivan, 
then makes a bend at the foot of Altai, across- Kusnetsk, Biisk, Lokotievsk, 
takes a direction towards the south-east, along Irtish and the Lake Zaisan- 
Nor and reaches Western Mongolia. Their southern boundary lies on the water- 
shed between the Arctic Ocean and the Aralo-Caspian basin. South of this 
watershed are spread the steppes and deserts of Turkestan, whose vegetation 
belongs, according to Korzinsky, to another type, namely to a southern or 
subtropical flora. 

It is difflcult to say what kind of historical relationship exists between the 
steppe flora of South-Eastern Europe and that of the above described relatively 

^ According to O. Paulsen, “ The Second Banisli Pamir Expedition, conducted by 0. Olufsen.” 
Studies on the Vegetation of the Transcas'pian Lowlands^ 29-30. Copenhagen, 1912. 

2 N. J. Kiizne 2 ! 0 v. “Essai d’une division de la Sib^rie en provinces phy to -geographiques.” 
Bulletin de VAcad Imp. des Sciences de St. Petersbourg, pp. 894-895, 1912, 
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narrow tract of land in Western Siberia. The few geological facts known about 
Western Siberia give no clear answer to this question. However, there are 
few grounds for supposing that a centre of development for xerothermie 
vegetation lay in that part of Siberia. According to the geological investiga- 
tions, the Caspian Sea was connected with the Arctic Ocean even to the 
beginning of the Glacial period. Published opinions are contradictory as to 
whether this connection was across Western Siberia or across the eastern part 
of European Kussia. Most of the geologists agree that large water basins 
oceuxiied Western Siberia, north of the watershed between the Arctic and the 
Aralo-Caspian, up to the beginning of Post-glacial times. Even at present 
small water basins are extremely abundant over the whole of the West- 
Siberian steppes. More than 200 lakes may be seen within the limits which 
Kuznezov traced for these steppes, by examining even a relatively small map 
of Asia^. There is no doubt that these water basins formerly had a notably 
larger extent than they have to-day. Thus Krilov ^ proves that a large lake 
existed within the present Barabinskaia steppe. H. Printz^ found in the 
Siberian steppes remnants of a former tundra vegetation, which he attributes 
to the Glacial period. As Krilov proves, no evidence exists that the steppe 
vegetation in Western Siberia was formerly wider spread than now, i.e. 
Western Siberia has not had in the past a ‘'Steppe period,” analogous to that 
which is generally accepted for Middle and Eastern Europe. All the conclusions 
on the existence of such a Steppe period in Western Siberia are founded, 
according to him, on erroneous analogies with Europe and erroneous generalisa- 
tions based on fossil animal finds 

The steppe vegetation of Western Siberia seems therefore to be of relatively 
new origin and was probably first developed in its present form in the Post- 
glacial epoch. On the other hand, as Penck ^ showed, steppes were widely 
spread in Middle and Eastern Europe at the end of the Inter-glacial and during 
the last glaciation (only two Glacial periods being admitted for those regions 
which are at a certain distance from the area of the main glaciation). It may 
be supposed, therefore, that when the steppe vegetation in Middle and Eastern 
Europe developed, the influence of the Siberian flora upon it was not especially 

^ Eandatlas. 1912, K. 139. Scale 1 : 15,000,000. 

^ P. Krilov. “On the Question about the Fluctuation of the Boundary between the Forest 
and the Steppe Provinces (Russian).” Travaux du Mus4e Botanique de V Acad., des Sciences de 
Pe7ro^7ra4 14, 82-130, 1915. 

3 H. Printz. The Vegetation of the Siberian- MoTigolian Froiitiers, pp. 12-13 and 40. Trondhjem, 
1921. 

^ Lx. According to Krilov all conclusions of this kind are based on fossil finds of only two 
animals; the Antilope-Sajga {Golus sajga) and the Siberian marmot {Spermophilus eversmanni), 
which is quite insufficient evidence in itseM alone, But the Sajga is found fossil in Western 
Siberia only in that area where the steppes exist. to-day^ and fossils of Spermophilus everstnanni 
were found only on the River Jana, in Fastern Siberia, in a locality where this animal lives 
still, although there are no steppes. 

® A. Penck. “Die Entwickiung Europas seit der Tertiarzeit.” i?e's*. scient. du congres internat. 
debotwnique.pp. Vienne, 1905, 
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important. It is probable, indeed, that when the flora of the Sibc^rian ste|)|K*s 
•developed, .after the desiccation of the large water basins and marshes which. 
formerly occupied the region, it received not a few of the relatively older 
European steppe elements. Xerophytic plants which originated in Europe 
and Asia mixed there together and in the course of time penetrated far into 
the neighbouring countries. Doubtless several Asiatic forms penetrated far 
into Europe. However, the extension of the direct influence, which the Siberian 
steppe flora had upon the European one, seems to be often overrated. It 
would be erroneous to draw any conclusions, by analogy, from the distribution 
of higher animals, whose spreading is considerably more rapid than that of 
plants and is not subjected to the same rules. However, even among animals, 
only the most rapidly moving groups sho’w a large percentage of Siberian 
migrants into Europe, and not the less rapidly moving ones. Thus according 
to Scharff^, the species of mammals living in Europe at the present day have, 
with few exceptions, migrated to our continent from other parts of the world 
(chiefly from Siberia). With regard to the birds it is possible that a somewhat 
larger number proportionally may be of European origin. Still, the great 
majority are to be regarded as immigrants. The autochthones are about equal 
to the immigrants in the reptiles, but many of the European amphibians and 
the majority of the fishes have probably originated on our continent. Not a 
single species of land or freshwater mollusc can be quoted as having migrated 
to Europe from Siberia in recent geological times. A very active centre of 
development for land mollusca lay in South-Eastern Europe, either in the 
Caucasus or in the Balkan Peninsula, or more probably in both. It cannot 
be supposed that the steppe plants were distributed in the same way as the 
rapidly moving higher animals, and it seems more probable that their spreading 
occurred in a slower way and during a longer period of time. However, even 
in the case of mammals, according to Scharfl^, it would be difficult to trace a 
limit between the Siberian and Oriental migrants, whose spreading took place 
across Asia Minor and may be much older than the direct migration from 
Siberia. 

It would be no less of a mistake to consider the present centre of distribu- 
tion of plant species as necessarily indicating the centre of their origin. 
Briquet® showed, and illustrated with examples, how inaccurate it would be 
to confound these twm entirely different facts. With even greater emphasis 
the same may be said concerning the distribution and the origin of steppe 
plants, the conditions now being much less favourable for their spreading in 
Europe than in Asia. N. Printz^ concluded as a result of his own investigations, 
that the steppes are spreading now in Western Siberia by natural means as 
a consequence of geological changes, which are occurring in Central Asia. 
This opinion finds a confirmation in the observations of Krilov and of several 

1 R. F . Schar£E. The History of the Europemi Fmiwa, pp, 189, 1.98, 190. London, 1899. 

2L.c.p.24:5. 4 L.C. pp. 64-67. 
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investigators of Central Asia, such as Huntington^, Paulsen^, etc. Krilov^ 
proves that the steppes in Western Siberia have been constantly spreading 
since the Glacial period at the expense of forests and that they have never 
been distributed there more widely than they are now. According to these 
statements the steppe vegetation in Western Siberia is still advancing towards 
a larger development, while in Europe its maximal development was in past 
geological times and the present climatical conditions are less favourable to 
it. In such circumstances it is not impossible that even certain xerothermic 
species which originated in Europe are now distributed in Asia more widely 
than in Europe itself. 

On the contrary, there are reasons for thinking that the European flora 
has had sources for the development of its steppe vegetation in its close neigh- 
bourhood, namely in the Mediterranean province. According to Hagen, the 
xerothermic element in this province is very old. There is geological evidence 
that at least three centres with a dry climate and a xerophytic vegetation 
existed in the Mediterranean as early as the Miocene times. One of them lay 
in the plateau of Iran; the second in N. Africa, in the district of the Moroccan 
Atlas; and the third in Spain, in Mezetta and the district of Ebro 4 During the 
Pleistocene the climate of the Mediterranean became moister and the above 
mentioned xerophytic centres disappeared. There is no doubt, however, that 
a certain number of xerothermic species were preserved during those un- 
favourable times, by their growing in some limited localities under more 
suitable physical conditions, just as they now exist in countries with an 
oceanic climate. Dry and especially limestone rocks, sandy soils, and soils 
rich ill inorganic salts might often have been places of refuge for this type of 
plant. Thus may be explained, with considerable probability, the often ob- 
served attachment of steppe plants to calcareous soil, which has been noted in 
Germany by Drude^, in Sweden by Sterner^, etc. Velenovsky^ observed 
the same relationship in Bulgaria, and this was aftenvards confirmed by other 
observers. Korzinsky^, Krasnov®, Tanfiliev^® found the same dependence in the 

^ E. Hunting'ton. The Pulse of Asia. Boston and New York, 1907. 

ne. 3 

4 H.B. Hagen. “C4eograpliische Studien iiber die floristischen Bezieliungen des Meditcrran 
nnd Orientalischen Gebietes in Afrika, Asien nnd Amerika.” Mitt. cl. Geogr. Ges. in Muncken, 
9, 144^-151, 1914. 

^ E. Drude. Ha7iclbuch der PflauzengeographiCf p. 382. Stuttgart, 1820. 

® B. Sterner. “ The Continental Element in the Flora of South Sweden.” Geografisha Annaler, 
321-322, 1922. 

^ J. Velenovsky. Flora bulgarica. Suppl. IS9S. 

s S. Korzinsky. “The Northern Limit of the Black-earth-Steppe Province” (Russian). 
Trudy Obshtestva Estestvoispyt-pri Imp. Kazanskom Universitete, 18, 214-217. 

» A.Krasnov. “Steppes de la Russiemeridionale.” Annales de geographic. Ill, B07 -309, ISM 

10 G. Tanfiliev, “Die Sudriissischen Steppeu.” i?4s. Sc. Gongres internat. de hot. pp. 385-387. 
Vienne, 1905. Phytogeographkal Investigations in the Steppe Trmt of Land (Russian). St Peters- 
burg, 1898. 
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Soutli-Eiissian steppes themselves, and Androsovosky^- in the steppes of, 
Asia Minor, This phenomenon may be explained . to a certain extent on 
the basis that the steppe plants have retained some of their older edapliic 
prefere.nces. 

The richly saline bottoms of. dried-up sea basins, which existed in cliff ereiit 
times and in different parts of Europe, have doubtless also been places of 
refuge for several halophytes with xeropliy tic structure. Examples are well 
known of halophytes, inhabitants of the sea shores, growing far in the interior 
of the continents. Thus Suaeda maritima^ SaMcomia herbacea and other in- 
habitants of the European sea shores may occur as far in the interior of 
Asia as the Abakanskaia steppe in Siberia, etc. 

The steppe vegetation probably formed gradually and changed its com- 
position in the course of time, corresponding to the changes of the climate 
and the salt content of the soil. In its earlier stages the soil of present South 
Russia and Hungary, being bottoms of former seas, was certainly rich in 
inorganic salts. It seems, however, that no direct connection existed at that 
time between Europe and Central Asia, because the characteristic representa- 
tives of the saline steppes and deserts of Turkestan are almost completely 
lacking in the Hungarian and the largest part of the South Russian steppes. 

During all the stages of the development of the European steppe flora a 
direct immigration from the Mediterranean and its neighbouring countricvS 
may be more easily imagined than the often supposed migration in large 
numbers from the foot of the Altai, along a kind of relatively narrow corridor 
in Western Siberia. We have no ground for believing that the Altai itself had 
an especially great importance as a centre of development for the steppe 
vegetation. According to Krasnov^ geological and phytopalaeontological data 
witness that a wet climate existed there during the Tertiary. It is possible 
that a certain number of steppe plants developed afterwards on dry rocks 
of the southern slopes and closed valleys of Altai, as Krasnov supposes. It 
can, however, be hardly supposed that the plants thus originating were of 
greater importance for the steppe vegetation of Europe than those originating 
in the same way during the dry period in the mountains of Europe itself 
and in its neighbourhood, such as the South Urals, Caucasus, the mountains 
of the Balkan Peninsula, of Middle Europe, etc. Doubtless many xerophytes 
originated in the interior of Asia and penetrated into Europe through the Uralo- 
Caspian gate. However, among all the ways which lead from the interior of 
Asia to Europe, this one could be used only for the relatively shortest time, 
which reduces its importance. Typical representatives of the Turkestan flora 
could spread in large numbers only as far as the Volga 

^ T- Androsovosky. “Vorlaufiger Berickt uber dieim Jahre 1911 in den Stei)pen Kleinasiens 
aiisgefulirte Reise.” .Boteifeay 11, 16-21, Suppl, 1912. 

“ AV Krasnov. “Notices sur la vegetation de F Altai.” Scniyta botan. Norti Chiiv. Peirop. 1, 
183-214, 1886, ' 

® A. BeketoiK. ^‘Sur la fiore du gouvememcntde Yekaterinoslav,” Scripta bokm.l, 32, 1886. 
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Xerotlierniic plants doubtlessly existed in many localities around tlie 
Mediterranean and especially in the neighbourhood of the old xerophytic 
centres, i.e. of Iran and the Iberian peninsula. From there they could easily 
find their way to the European steppes. These ways of distribution may be 
traced in several cases. Thus according to Briquet, the xerothermic plant 
element in the Western Alps came from Piedmontb From the works of Beck^ 
and Hayek^ the influence which the flora of the Karst exercised upon the 
Pannonian steppe vegetation is known. 

Many xerothermic plants undoubtedly immigrated into South-East 
Europe from Iran and Asia Minor either along the western shores of the 
Caspian Sea or along the western shores of the Black Sea. The researches of 
Medwedew, and especially his very instructive map of the Caucasus C show 
us the route of the migration through that country. The steppe vegetation 
in Eastern Cis-Caucasia is directly related, according to him, to the vegetation 
of the dry districts of Transcaucasia. This vegetation spreads far into the 
interior of Transcaucasia along the valleys of Kura and Arax; it reaches the 
foot of Ararat and Erivan in the Armenian plateau. This vegetation is also 
closMy related to the steppe formations of Asia Minor and Armenia^. On the 
contrary, the steppe vegetation of Western Cis-Caucasia does not show the 
same close relationship to Transcaucasia and Iran. These facts are easily 
understood, because between the two districts lies a barrier, in the shape of 
the moist and forested South- Euxinian zone (in the sense of Engler), which 
occupies the western part of Transcaucasia and the north-eastern shore of 
Asia Minor and which represents remnants of a thermophilous Tertiary 
vegetation. 

No similar barrier exists west of the Black Sea, i.e. in the eastern part of 
the Balkan Peninsula. There are neither high mountains nor large spaces 
with moist climate, only a small one in the district of Strand] a, which is the 
last outpost of the South-Euxinian vegetation. Besides this, the communica- 
tion between Europe and Asia through the Balkan Peninsula is older than that 
across the Caucasus. In past geological times a broad connection existed between 
the Balkan Peninsula and Asia Minor, across the Archipelago, whereby a mass 
migration of plants was possible. According to C. and E. Eeid®, whose opinion 
is based on phytopalaeontological data, a large number of species among the 
present temperate vegetation of Europe immigrated by this way from Asia 

1 L.c. pp. 172-173. 

2 G. Beck von Mannagetta. “tlber die Bedeutung der Karstfiora in der Entwicklung der 

Mora der Ostaipen.” &oi{. pp. 174-178. Vienne, 1905. 

® A, Hayek. “Pontisclie und pannonische Flora.” Oesterr. hot. ZeitscJir. pp. 231-235, 1923. 

^ J. Medwedew. “ fiber die j^flanzengeographisclien Gebiete des Caucasus.” Monitcur du 
Jardin Botaniqiie de Tifiis, Livr. 8 , 1-66, 1907. ' 

® Lx. p; 46. 

® C. andE. Reid. The Bliocme Flora of the Dutch- Prussian Borders, pp. 22-23. The Hague, 
1915. E. Reid. “Becherches sur quelques graines pliocenes du Pont-de-Gail.” Bull. Soc. Geol. 
de Prance, 20, 52-57, 1920. 
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during tlie^second half of the Tertiary. Xerothermic plants could also reach 
Europe through this immigration. There is geological evidence that centres 
with dry climate existed- during a part 'of the Tertiary both in Ira'ii and also 
in Central Asia^. . The existence of an extremely large number of endemics 
.in , the xerophytic. vegetation of Turkestan, with raany . endemic' genera and 
several monotypes among them, speaks in favour of this opinion^. 

Zoogeographical data also affirm the existence in the past of a large 
Oriental immigration into Europe. It is characteristic that this immigratipn 
is esj)ecially well expressed in those groups of animals which are biologically 
attached to definite plant species, and can therefore migrate only together 
with them. Such is the case of butterflies. A large number among them are 
supposed to have originated in South-West Asia, as for example the genera 
Papilio, Thais, Parnassius, Colius, Danaja, etc. 

In all cases, when the vegetation of a certain country has not been previously 
completely destroyed by some phenomenon, like extensive glaciation, it is 
always most probable to suppose that the migration of plants between that 
country and a neighbouring one occurred in both directions, that is to say 
consisted in an exchange of plants between the two countries. Such an ex- 
change probably took place between Europe and Asia in Pre-glacial times 
Thus in the flora of Turkestan, genera are represented whose chief distribu- 
tion and apparent place of origin lie in the Mediterranean province. In this 
way the vegetation of the Mediterranean and that of the Asiatic Steppe 
province mixed together so closely, that now they can hardly be distinguished 
from each other by phytogeographers. Thus may also be explained why 
many xerothermic plants could afterwards spread, in a relatively short time, 
through the steppes of Europe and Siberia and be represented in both by 
parallel forms (as, for example, the sect. Pulsatilla of the genus Anemone^}. 
The Oriental immigration doubtless had a great influence upon the 
xerothermic vegetation of Bulgaria. Among 226 Bulgarian plants, which 
Velenovsky^ listed as having originated in Asia Minor and Armenia, a large 
number are xerothermic species. The route of the Oriental immigrants may 
be clearly observed in the vegetation of Bulgaria and the neighbouring 
countries. Some of them have only reached as far as the European shore of 
the Marmara sea, Bosphorus or Dardanelles, as for example Silene chloraefoUa, 
Diantlms lydus, Astragalus anatolicus, A, trojanus, Gonocytisus angulatus, 
Hedysanim varium, Onobrychis cam: others reached the foot of the Ehodope, 

^ J. and G. Gregory. “The Geology and Physical Geography of Chinese Tibet.’' PliUos, 
Trans, of the Royal Soc. of London^ pp. 257-258, 1925. 

“ B. Fedchenko. The Vegetation of Tur1cesta.7i (Rm^im). Petrograd, 1915. More than 35 
endemic genera, among which more than 20 are inonotypic. About 50 genera have distributional 
areas both in Turkestan and the Bast Mediterranean (in the sense of Engier). 

3 Numerous closely related species are widely spread in Europe, the Orient and Asia. Cf. 
A. Hayek. “Kritische Ubersicht iiber die Anemone- Arten der Section Camjmvularia EnciL” 
Festschr. zur Feier des skhz. QehurUtages P. Ascherson, pp. 451-475. Leipzig, 1904. 
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thus AristolocMa Urta, Rhazia orientalis, Genista anatolica. Several species 
stopped in their niigration towards the north at the foot of the Balkan range, 
thus AeiJdonema huxbaiimii, Cleome aurea, Poly gala rhodoj^ea, Centaur ea mon- 
acmtkay hhu spinescent representatives of the genus Astragalus, sect. Trag- 
aca/Mha, etc. Many other species doubtless spread farther north along this 
route and reached South Russia. Thus of the abundant Oriental species of 
the genus Celsia four reached Bulgaria, but only one of them penetrated as 
far as South Russia. The genus Verhascum, after its immigration into the 
Balkans, received here a new development and is represented now in the 
Bulgarian flora by more than 30 species, mostly xerothermic plants. Of the 
eight species of Verhascum, which Krasnov records for the South-Russian 
steppes, six are found also in Bulgaria and the other two grow in the 
Caucasus and Armenia. 

The above mentioned Jurinea tzar-ferdinandi, which occurs in Bulgaria 
and has the character of a relict plant, connects the South-Russian Jurinea 
stoechadifolia, belonging to the Sect. Linearifoliae, with the representatives of 
the Asiatic Stoechnanniae. Many more such examples could be 

quoted. 

Corresponding to the geographical situation of Bulgaria, which lies at 
the boimdary of the Mediterranean province, the influence of the Mediter- 
ranean flora is especially strong among xerothermic plants. A very large 
number among these plants belong to the Mediterranean vegetation. On the 
contrary, species which may be supposed to have immigrated into Bulgaria 
direct from Siberia, through the Uralo-Caspian gate and South Russia, are 
very few, even among plants commonly regarded as forming a steppe element. 
From this point of view interesting results may be obtained by examining a 
list of Bulgarian “steppe plants.” Considering that the conception of “steppe 
plants” is not a very definite one and in order to avoid making an arbitrary 
choice, we shall examine only that group of Bulgarian plants, which Krasnov 
listed, among others, as characteristic representatives of the South-Russian 
steppe vegetation. Firstly it must be noted that the above mentioned species 
grow in Bulgaria under very various ecological conditions. Thus we meet 
among them several inhabitants of meadows such as Thalictmm minus, 
Clematis integrifolia, Trifolium montanum. Poly gala vulgaris, Orobus albus, oi 
even of swampy meadows, such as Leucojum aestivum. Others among them are 
representatives of the forest vegetation, as for example Myosotis silvatica. 
Many of them grow on rocks, thus Dictamnus fraxinella, Silene longijiora, 
Cotoneaster vulgaris, Convolvulus cantabricus, etc. Several are ruderal or half- 
ruderal plants, as for example Eryngium campestre, Tordylium maximum, 
Inula salicina, I. hirta. Chiefly on sand and rocks of the sea shore may be 
found Ilelichrysum arenarium, Artemisia maritima. Ephedra vulgaris. Also 
predominantly in the warmest parts of the country grow Ceratocephalus 
orthoceras, Linumfimmm, L. hirsutum, L. tenuijlorum, Hap)lo 2 Aiyll'mn suaveolens, 
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Scihici ciethiopis, etc. Others among them. are on tlie contrary representatives 
of the siibalpine belt of vegetation in high moiintains, thus Libanotis mmitmia, 
Antsnnarm cUoica,, Sanguisorba officmaKs, Especially on siibalpine and alpine 
rocks grows Scutellaria alpina (1700“2500 metres above the sea). The ecological 
history of the steppe vegetation has perchance left its traces in this various 
distribution of steppe elements. 

Another interesting result may be obtained if we divide these plants both 
according to their geographical distribution and systematic relationship. 
In this way an approximate conclusion concerning their origin may be reached. 
Thus firstly we find a group of species which may be supposed to have grown 
in Europe even in Pre-glacial times. Such is a group of plants which have a 
circumpolar distribution or a very large distributional area in the warm belt : 

Ranunculus acer Myosotis silvatica Festuca ovina 

Turritis glabra Euphrasia officinalis Koeleria cristata 

Antennaria dioica Plantago media Tragus racemosus^ 

Achillea millefolium Andropogon ischaemum* Hieroehloe odorata 

Widely spread through the warm temperate and tropical zones of botli hemisplieres. 


In the Pre-glacial strata in Europe were found : 

Sanguisorba officinalis CJotoneaster vulgaris Thymus serpyllum 


An old origin or an old immigration into Europe may be supposed also 
for a group of plants which have a large area both in Europe and Asia and also 
systematically related forms in both continents and often also in America. To 
this group belong: Thalictmm minus (a large distributional area; found in the 
lower Glacial strata in Europe), Anemone silvestris (a large distributional area; 
and related forms both in Europe and Asia), Dictmnmisfmxinella (a monotypic 
genus with a very large distributional area), Vida tenuifoUa (a large distribu- 
tional area and relations in Europe and Asia) ; Filipendula hexapetala (a large 
distributional area; the only closely related species, F. wtewia, is found 
in Pre-glacial strata in Europe) ; Fragaria eollina, Bupleurum falcatmn (a large 
distributional area; related forms in Europe, Asia and South Africa); Turgenia 
latifoUa (a monotypic subgenus, widely spread in Europe and Asia through 
the Orient); Antirrhinum orontium (a monotypic section, covering a large 
area in Europe, Asia and N. Africa) ; Ajtiga genererms (a large distributional 
area; related forms both in Europe and Asia; the closely related A, reptans 
is found in Pre-glacial strata in Europe), Ephedra vulgaris . PulsaMMa vvdgmis, 
P. patens, P, pratensis^ 

Especially large is the number of species, which have both their distribu- 
tional area and chief relatives in the Mediterranean province (in the large 
sense) or in its close neighbourhood. As such may be listed: 


Ranunculus illyrieus 
Erysimum odoratum 
E. cuspidatum 
Alyssum argeiiteum 
A. calyciuum 
A. tortuosum 
CVxmelina microcarpa 


Heliantliemum oelandicum 
Polygala major 
P, vffigaris 
P, comosa 
Dianthus armeria 
D. pseudarmeria 
D. capitatus 


B. trifasciculatus 
I), atrorubens 
B. carthusianorum 
B. campestris 
Gypsophila glomerata 
Siiene com pacta 
S. longillora 
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Alsine teniiifolia 
Limiiii flaviini 

L. taiirieiim 
L. nervosinn 
L, austriaciiin 
L. hirsiitiim 
L. teiiuifolium 
Haplopliyliuni suaveoiejis 
Pvhus cotiiius 
Genista tinctoria 
Gytisus capitatiis 
Cl anstriacns 
Antliyllis vulneraria 
Giycyrrhiza echinata 
Astragalus ponticos 
A. dasyantims 
Coroniila varia 
Onobrychis gracilis 
Orobiis albus 

O, caneseens 
Boryoniuin herbaceuni 
Potentilla opaca 

P, patula 
Herniaria hirsiita 
H. incana 

Bupleiinim rotundifolium 
Pimpiiiella tragium 
Seseli tortuosum 
Tordylium maximum 
Peiicedanum ruthenieiim 
Asperula cynanchica 
A. tinctoria 
A. glauca 


A. tyraiea 
Galium mollugo 
Valeriana tuberosa 
Cephalaria transsilvanica 
Inula ensifolia 
L squaiTosa 

Echinops sphaerocephalus 
E. ritro 
E. exaltatus 
Xeraiitliemiim annuum 
Centaurea solstitialis 
C. marsehalliana 
C. scabiosa 
0. montaiia 
C. orientalis 
C. aalonitaiia 
C. ovxna* 

0. diffusa 
Scorzonera mollis 
Taraxacum serotinum 
Lagoseris orientalis 
P byte lima caneseens 
Campanula bononiensis 
Vinca herbacea 
Vince toxicum officinale 
Ancbiisa barrelieri 
A. stylosa 
Nonnea pulla 
Eebium rubrum 
Onosma eebioides 
Convolvulus cantabricus 
Verbascum speciosum 
V. phlomoides 


Verbascum lyclinitis 
V. plioeniceum 
V. blattaria 
Veronica austriaca 
Odontites rubra 
Pedicularis comosa 
P. campiestris 
Salvia aethiopis 
S. austriaca 
S. nutans 
S. pendula 
S. verticillata 
Teucrium polium 
Stachys recta 
S. angustifolia 
Ajuga iaxmamiii 
Euphorbia nicaensis 
E. agraria 
Crocus biflorus 
C. speciosus 
Aegylops cylindrica 
Andropogon gryllus 
Antlierieum liliago 
A. ramosum 
Allium moschatum 
A. fiavum. 

Miiscari racemosum 

M. botryoides 
Hyacinthiis leucopliaeus 
Orni t h ogalum nutan s 
0. umbellatum 
0. fimbriatum 
0. tenuifolium 


* In Bulgaria represented by a form, 


The following species are distributed both throughout the Mediterranean 
Region and also far into the interior of Asia. Their chief relations are, however, 
in the Mediterranean pro vince^ wherefore their origin is most probably a 
Mediterranean one : 


Ceratocephal us orthoecras 
Ranunculus oxyspermus 
Sisymbrium strictissimum 
Erysimum repandum 
Alyssuin campestre 
Isatis tinctoria 
Helianthemum vulgare 
Tunica prolifera 
Silene conica 
S, viscosa 

S. supina 

Hypericum elegans 
Lavatera tlmringiaca 
Linum perenne 
Medieago falcata 
Trifolium montanum 

T. aljjestre 
Astragalus cicer 
A. onobrychis 
A. exscapus 

A. vesicarius 
A. albieaulis 
Lathyrus tuberosus 
Sanguiaorba minor 
Eryngium campestre 

“ According to E. Wulf. 


Falcaria rivini 
Trinia kitaibelii 
Galium verum 
Knautia arvensis 
Scabiosa oebroieuca 
Aster amellus 
Inula salicina^ 

I. hirta^ 

I. oculus cliristi^ 
Helichrysum arenarium 
Achillea setacea 
Pyrethrum corymbosum 
P. millefoliatum 
Artemisia maritima 
A. pontica 
A. austriaca 
Seneeio jacobea 
S. erucifolia 

S. doria 

Jurinea arachnoidea 
Tragopogon major 

T. orientalis 
T. brevirostris 

Campanula sibirica (Caucasian 
or Iranian origin) 


C. rapunculus 
Statice tatariea 
S. latifolia 

Echinospermum patulum 
Rindera umbellata 
Verbascum nigrum 
Linaria genistaefolia 
Veronica teucrium- 
V. spicata- 
V. spuria- 
Origanum vulgare 
Salvia silvestris 
Nepeta ])annonica 

N. ucranica 
Scutellaria alpina 
Teucrium chamaedrys 
Sideritis montana 
Euphorbia gerardiana 
Poa bulbosa 
Iris pumila 
Asparagus officinalis 
Allium verticillatiim 
Ornithogalum narbonense 
Gagea pusilla 
Thesium ramosum 


Iiiulae eurojieae.’' Dmkschr, Akad, Wiss, Wien, 44, 1881. 

Orimo-Caucasian speem of the Q-enus Veronica (Russian), 1915. 
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Another group of species is' widely spread tliroiigli the Mediterranean (the 
Orient) and. the interior of Asia; their relations lie i,n Asia or are vague. This 
.group represents most probably 'the Oriental inimigration. To this group 
belong: 


Adonis vernalis* 
FryBimnm eanescens 
(dypsophila panicn lata 
Gly cy r rh i za gl abra 
As t,ragal u s au s t riacn s 
Spiraea crenifolia 
Libanotis rnont/ina 


Ar toinisi a cam pes t ri s 
A, scoparia 
Chondrilla Juncea 
Androsace maxima 
A. elongata 
Pblomis tuberosa 
lilnphorbia virgata 


St ipa capiliata. 

S. |K‘nnata. 
Triticum crislatnm 
LiiiosM'is vulgaris 
L. villosa 
Tlocliia prostrata 


* The immigration route is not eompletely clear; it may have been the Siberian one, but more 
probably was across the Caucasus. 


Some of them may have immigrated into Europe through the Caucasus. 
Kochia prostrata may as likely be of European as of Asiatic origin; its 
spreading, however, occurred probably through the Orient. 

The following species have their distributional area and relationship chiefly 
in Europe, yet not in its Mediterranean part: Ranunculus polyanthemos^ 
Hesperis tristis (Pontic distribution and relations), Viola Mrta, Arenmia 
rigida (Pontic distribution, relations in the Mediterranean province and in 
Asia), Geranium columbinum, Potentilla recta (Pontic origin, according to 
T. Wolf^), P. incUnata, P. argentea, Peucedanmn alsaticimi, Serratula hetero- 
phylla, S. Unctoria. 

The following species are spread through Eastern Europe and Siberia, but 
are lacking in the Orient; their distribution may be supposed to be the result 
of a direct exchange between Europe and Siberia through the Uralo-Caspian 
gate: Paeonia tenuifolia (the origin is not quite clear, it may be South Uralian, 
North Caucasian or West Siberian); Silene cMorantha {most probably of 
European origin but spread far towards the east); (Jaragana frutescens and 
Astragalus iesticulatus are of Asiatic origin and their immigration into Europe 
occurred probably directly from Siberia, although possibly through the 
Caucasus. Amygdalus nana, Prunus chamaecerasus and Adenophora MiifoUa 
may be considered as direct immigrants from Siberia. 

Thus among the named steppe element in Bulgaria the number of species 
which may be supposed to be direct immigrants from Siberia is very insignifi- 
cant, especially in comparison with the number of species which have probably 
originated in the Mediterranean province (in a broad sense). It must be 
emphasized, how^ever, that the above analysis and its results cannot claim, to 
have an absolute value. Neither the geographical distribution nor the present 
taxonomic relationship by itself is able to show with certainty the place of 
origin of a species. The inexactness of both methods of investigation has been 
proved by Kerner^ and Briquet. By neither method can more than a 
certain probability be reached. Therefore on the basis of the above analysis 

^ “Monogr. d. Gatt. PoteniillaJ} Bihliotheca Boianka, N. F. 1, 1908. 

^ FJlanzmIehen, ii, S38y 1891 . 
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only one general conclusion can certainly be reachedj tliat the so-called 
“'steppe plants” in Bulgaria are chiefly of Mediterranean origin. 

Considering the geographical situation of Bulgaria this result is very 
natural, especially if we remember that even in the South-Eussian steppes of 
the government Yekaterinoslav, Beketofl found a larger number of Oriental 
(Caucasian) immigrants than of plants which had migrated direct from 
Turkestan and Siberia^. 

From the circumstance that among plants common to Bulgaria and the 
South-Eussian steppes the Mediterranean elements prevail, it is evident 
that the migration of plants between the two countries occurred chiefly in the 
direction from south towards north, and to much less extent in the opposite 
direction. This migration occurred probably as the climate was gradually 
becoming warmer after Glacial times and as a result of the climatic changes. 

1 L,c. pp. 75-78. 



SOIL SOURNESS AND SOIL ACIDITY 


By W. H. PEARSALL 
( With one Figure in the Text.) 

Ill a recent number of this Journal (14) criticisms have been directed at 
a suggestion put forward by the .writer in 1922 to explain some cases of soil 
sourness (11). Since these criticisms 'appear to be founded upon a miscoii” 
ception and mis-statement of the original- suggestion it is necessary to refer 
to them in some detail and the opportunity., may also serve to draw attention 
to some of the problems facing the student of the subject. 

The.majority of investigators fail to distinguish soil sourness from soU 
acidity (or. the hydrogen ion concentration of the soil). These two factors are 
usually associated in nature but they are .not of necessity the same nor even. 
..interdependent.' There are,. of course,, a number of factors which also are often 
or usually .found -in soils which are so.ur, 'e.g. deficient nitrification, deficient 
aeration, high organic., content, organic soil toxins. It is advisable to keep all 
of these factors, in mi.nd in .discussing the phenomenon of soil sourness for any 
of them may serve to prevent' the growth of normal plants .on sour soil. The. 
heathy .plants which are found on .'.sour soils in nature are. clearly able' to 
withstand, all. the factors which. normally occur in. such soils and it appears to 
be true that these plants are also ‘' calcifuge’’ and unable to grow on normal 
soils. The problem thus assumes great complexity. We have not only (i) to 
determine the factors which prevent normal plants from growing on sour soils 
but we have also (ii) to find an answer to the question why heathy species 
grow on sour soils, but (iii) cannot grow on normal: soils. These three groups 
of problems fnay be different -aspects -of the. same problem. The present -evi- 
dence, hovrever, suggests that they are not. 

Turning now to the soil side of the problem, we have first to recognise that 
soils may app.arently'. be and yet only' slightly or .not. at all acid. This is 
another aspect of the fact, to be considered in detail below, that the distribu- 
tion curves of species in relation to the hydrogen ion concentration, overlap 
enormously. We may thus find heathy species growing profusely on soils 
w^hose pH value lies between 6 and 7, In order to exjdain cases of this kind 
the wuiter suggested in 1922 that soil sourness might be attributed (a) to 
calcium deficiency in the soil and (&) to a high proportion of potassium and 
sodium to calcium (and magnesium). This suggestion was based on the 
examination of the w^aters of some nearly neutral gravels on which Calluna 
and Ncmlus were growing, together with the known fact that calcium leaches 
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from normal colloidal soils more rapidly than potassium and sodium. Leaching 
is one of the principal causes of soil sourness and it clearly leads to an increase 

in the ratio in the soil ( 11 ). The problem is capable of being attacked 

ua 

froin anotlier angle. If lieatliy plants can only grow on soils deficient in cal- 
cium then the basic ratio niust be of fundamental importance to them, because 
the physiological effects of calcium can be ‘'antagonised” or removed by 
potassium and sodium. The literature is full of instances of this fact and we 
may be pardoned for not taking specific cases in detail. The position of mag- 
nesium in regard to these physiological activities is intermediate. It “antagon- 
ises ” both potassium and sodium, and also calcium.. Since, however, the 
principal factor in determining the basic ratio in soils is calcium deficiency, 
the behaviour of magnesium, is, at the moment, of small importance except 
in those soils where it is present in predominant quantities. 

Dr Salisbury (14) has recently subjected the suggestion outlined above to 
some detailed criticism, although the value of his criticisms is considerably 
lessened by the fact that he has not even stated the basic ratio hypothesis 
correctly, for he describes it as the “ratio between calcium and sodium and 
^potassium and magnesium.'''^ (The italics are his.) 

His criticisms are (1) that the chemical composition of the soil solution 
cannot be inferred from soil analyses, and that the proportions of potassium 
extractable from soils are subject to great variations in relation to the water 
content of the soil ; (2) that the basic ratio hypothesis involves the assumption 
that plants of calcareous soils are intolerant of high potassium contents and 
that the Rothamsted manurial experiments indicate that soil acidity is lessened 
by the addition of potassium salts; (3) that MasalFs results indicate that the 
growth of wheat in water cultures is related to hydrogen ion concentration 
rather than to the basic ratio. 

The impartial critic would doubtless agree that all of these arguments are 
irrelevant so far as the published statements of the basic ratio hypothesis are 
concerned. Nevertheless we will consider these points in detail. 

1. If the composition of the soil solution cannot be inferred from soil 
analyses, then we cannot use such data to argue for or against the hypothesis 
under consideration. This hypothesis was not, however, based primarily on 
soil analyses, but (a) on analyses of water washed through gravel or flowing 
through it ; (6) on the known facts of leaching and base exchange in normal 
soils. Further, one cannot imply, as does Dr Salisbury, because it is difficult 
to obtain information about the soil solution, that the composition of this 
solution has little or no effect upon the plants growing in it. 

The only grounds on which we can infer the possible composition of the 
soil. solution, namely, from the expressed soil waters, from drainage waters, 
water extracts, acid extracts, and salt extracts, all alike indicate that the 
calcium content of the soil is subject to great variation in different soils and 
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is lowest in sour and acid soils. In regard to the basic ratio, (uir irijnriiia.tion 
is liniitecl since analysts do not usually estimate ail tla^ s^ul bascss. !>v the salt 
extraction riietliod, Kelley and Brown (8) have sliowii that tki.* n.*[)laceal)lt* 
bases of acid soils possess a basic ratio averaging about twice that of normal 
soilSj altliotigli their results exclude the calciimL carbonate present, and lienf‘<i 
gi^m a nmcli higher basic ratio for the normal soils tlian woiiid really exist. 
Olsen’s figures (9), which are summarised below, refer to extracts with water 
saturated with carbon dioxide, but they similarly indicate a higher basic ratio 
for acid soils. 
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Olsen (9, 10) also supplies larger numbers of partial analyses giving only 
the potassium and calcium contents of the carbonated water extracts. These 
also show that a higher K/Ca ratio occurs in such extracts from acid soils, 
and there is a certain amount of variation in the ratio for slightly acid soils, 
so that we have clearly to keep acidity and the basic ratio distinct as soil 
factors. They are not exactly proportional. 

Dr Salisbury’s criticism that the amount of potassium extractable from 
soils is subject to great variation in relation to the soil water content, does 
not appear to me to be of much value. Some of the most important soil 
properties may be subject to great variation, as, for example, its water content 
and nitrate content. But Dr Salisbury makes the astonishing statement that 
these fluctuations are shown in “^determinations based on the actual soil 
solution.” This statement is incorrect, since the fluctuations are obtained by 
comparing the expressed soil solutions, from soils containing at most 23 per 
cent, of water, with the water extracts (one part soil to five water) which 
represent a water content ” of 500 per cent. (Burgess, 3). It is not justifiable 
on these data alone to infer that the potassium content of the soil solution 
from any single soil is subject to great variations under natural conditions, 
especially since in the figures given by Burgess there is no relation between 
the amount of soil moisture and the potassium content of the soil solution 
for the different soils examined. The whole argument, how^ever, is irrelevant. 
If we are to consider the basic ratio hypothesis, then we require to compare 
the calSium content of the’ soil solution and its basic ratio. The data given by 
Burgess (3) indicate, as far as their completeness and analytical precision %Yill 
allow, that the two factors we require fluctuate in the same directions in the 
water extract as they do in the soil solution. The soils wnth the highest basic 
ratios in the water extracts are those with the highest basic ratios in the 
expressed solutions. 
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2. Tlie ba,sic ratio liypotliesis does not necessarily involve the assumption 
that the plants of calcareous soils are intolerant of high proportions of potas- 
sium.. It does not refer to such soils or to such plants (11) and it was, in 
fact, expressly stated in such a form as to refer only to soils poor in calcium. 
T.liere are obvious reasons for this. At least two classes of soils exist which 
may be relatively rich in calcium salts and which have also a high basic ratio, 
namely, (1) salt marsh and similar marine soils, (2) “alkali’’ soils as found in 
arid regions. While the plants of these habitats may have some similar 
structural features to those of sour soils, we have at present no other justifica- 
tion for comparing them. The further criticism that the addition of potassic 
manures to the Rothamsted plots has not increased the acidity or sourness of 
these plots, is thus beside the point, since the soils used are relatively rich 
in calcium. Purthe.r, the addition of potassium salts to soil does not necessarily 
increase either the content or proportion of potassium in the soil solution. 
The actual result of such a treatment will vary with the nature of the 
treated soil In the case of a calcium rich normal soil like that at Rothamsted, 
the probable result of adding potassium salts would be that the potassium 
would be “ adsorbed ” by the soil, while other bases, 2^ndLfTincijpallycalGkvm, 
would replace it in the soil solution. That some such change takes place at 
Rothamsted may be inferred, not only from the increase in the production of 
leguminous species, but also from Voelcker’s analyses of the drainage waters, 
which show little or no change in the potassium content but a very largely 
increased proportion of calcium (6). It cannot be argued that this would always 
be the result, for if the ^oil were deficient in bases, iron and aluminium 
would be liberated on adding the potassium salt, as in Comber’s test for soil 
sourness (5). There may also be a third case, that of acid peaty soils deficient 
in iron and aluminium, where the addition of neutral potassium or calcium 
salts may cause a decided increase in hydrogen ion concentration. The origin 
of this increased acidity is at present unknown. 

It is necessary to enlarge on these points in order to demonstrate that one 
must be very cautious in arguing from manurial experiments, unless fairly 
precise data as to effect are available. The considerations outlined above, 
however, suggest a possible cause for the well-known fact that soil sourness 
is removed most thoroughly by lime and not by addition of any calcium salt. 
Remembering that soil sourness and soil acidity are usually associated, then 
we have probably two extreme cases to consider : 

(1) The addition of lime removes both sourness and acidity. 

(2) The addition of calcium salts of strong acids, e.g. chlorides, sulphates, 
removes calcium deficiency but increases acidity. 

In the second of these cases, a high hydrogen concentration may still 
remain as a bar to the growth of normal plants, so that this treatment would 
not materially improve the crop-producing power of the soil. 
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3. Dr Salisbury, accepts and' refers to Masall’s results tliat wheat shows a 
definite optimum growth in. relation to hydrogen ion concentration but none 
in relation to the basic ratio nf the culture m.edium. It may be pointed out 
that the basic ratio hypothesis was not devised to account for the growth of 
wheat, but as an explanation of the distribution of heathy ])lants. The fact 
that different species behave in very different ways is beaiitifuliy iilustrated 
by the case of barley. This cereal is extremely sensitive to soil sourness (much 
more so than wheat) but less sensitive to high hydrogen ion concentrations 
(Olsen, 10, Arrhenius, 2 ). There are grounds for believing that high proportions 
of available aluminium may be the toxic element in sour soils in this instance 
(Olsen, 10, Hartwell and Pember, 7 ) and an analogous case is apparently that 
of the tea-plant ( 4 ). 

On the other hand, Olsen ( 10 ) found that barley alone of the acid and 
alkaline soil plants he tried "was sensitive to aluminium. It is, therefore, pretty 
clear that we cannot apply either the barley or the wheat result to other 
plants without further evidence. A variety of reasons have been suggested 
(and on good evidence) to account for the inability of normal plants to grow 
on sour and acid soils and individual species may well be limited to normal 
soils by their inability to grow well in the presence of any one of the following 
factors, viz. (i) high hydrogen ion concentration, (ii) low calcium content, 
(iii) low calcium and high proportion of aluminium and/or iron, (iv) low 
calcium and high basic ratio, (v) organic toxins, (vi) scarcity of available 
nitrogen, (vii) scarcity of oxygen. It would be folly to assert, in the present 
state of oiir knowledge, that any one of these factors kept off all normal 
species from sour soils. Advocates of the case for hydrogen ion concentration 
(Olsen, 10 , Salisbury, 14 ) overlook two very important points: (i) that sour 
soils exist which are not or only slightly acid, (ii) that the limits of distribution 
in nature, and even of successful growth, occur at very similar hydrogen ion 
concentrations for perhaps the majority of species. For example, the dis- 
tribution curves for Pteridiwm aquilinum md ■ Vacdniufn m/yrtilkis (oi for 
Ficaria and Mercurialis) given by Salisbury ( 14 ) show remarkable similarity 
and it is clearly not permissible to assume that hydrogen ion concentration 
exerts any appreciable role in differentiating their distribution in the localities 
examined, although possibly most ecologists would regard Vcwomium as the 
plant more characteristic of sour soils. Even when the average distribution 
curves show different modes, e.g. Vacdnium whyrtilliis and ' Mefctmalis peren- 
nis, there is often a very considerable overlap of the ranges, and this may 
be much greater for the species mentioned than is indicated by either Olsen 
(10) or Salisbury ( 14 ). For instance, in the Crag Woods (H. Lancs.) Mer- 
curialis grows in abundance between 4*9 and 6*2, while the similar values 

for Vacdnium in these woods were 4*2 to 6*0. We are not justified in 

saying that hydrogen ion concentration determines the distribution of these 
species in this instance. On the other hand, Vacdnium soils tested 
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were sour witli Comber’s thiocyanate test (5), while those under M&rcwriahis 
were not. It is, in this instance, reasonable to attribute soil sourness to the 
quantity and character of the soil bases, and this, rather than the value, 
appears to be associated with the distribution of the vegetation. 

A similar overlapping of ranges of hydrogen ion concentration, which is 
of interest, is that shown by compared with Enophomm 

(either mginatum or angustifoKum). The pH ranges (not necessarily extreme 
for these plants) are pH 7*7“5*0 {Phrag?mtes), 7*0-3*7 {E. angustifolium) and 
6*l“3-5 {E. vaginatum) for localities where the species were abundant but not 
intermixed. These results are of interest because both Phmgmites and Erio- 
phoTum sbie tolerant of high proportions of aluminium (Stoklasa, 16) and we 
seem to have here a case in which neither aluminium nor acidity can be 
regarded as the decisive factor over the overlapping ranges. 

These instances are only a few among the many which might be cited. 
We can state the problem in a more general, yet equally definite way. Prac- 
tically all species are able to grow abundantly on soils whose pH value lies 
between pH 5 and 6*5, yet some of these soils bear ‘' sour ” types of vegetation 
and others do not. 

One other point remains to be considered. What importance are we to 
attach to curves showing the incidence of species in relation to the hydrogen 
ion concentration of the soil? Salisbury ( 14 ) appears to attach considerable 
importance to these curves in spite of the objections to which they are open, 
and his results may be taken as representative. In actual fact such curves 
.require very careful analysis before any arguments can be based on them. 
The need for analysis will be apparent from the following considerations. 
Curves showing the incidence of a species in relation to any variable soil 
factor would presumably obey the general rule and show a "mode” com- 
parable to the "mode” shown in Salisbury’s curves. We require, at the very 
least, to know if the differences between the various modes (for different 
species) are significant or not. From the overlapping nature of the curves 
this appears to be improbable. Furthermore, no attempt is made to eliminate 
the influence of the curve, showing the relation of number of soils examined 
to the various pH classes. Olsen ( 10 ) has attempted this by expressing his 
results as "percentage frequencies” or as "percentages of localities examined.” 
Presumably Salisbury’s curve for Psamma " frequenc}?- ” at Blakeney Point is 
of the same sort, though information on this vital point is lacking. Even so 
it cannot be claimed that the influence of the "soil curve” is eliminated. 
According to Salisbury’s own data ( 15 ) about 62 per cent, of the Blakeney 
beach and dune soils lie between pH 6*9 and 7*2, and it is therefore extremely 
probable that Psamma will be most frequent at these pH values (see Fig. 1). 

Salisbury further draws attention to what he characterises as the "bi- 
modal” incidence curve shown best by Fagus, MermriaUs and Ficaria. All 
of these species show modes at the same places, pH 6”6*5, and pH 7”-7*5. Now 
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Salisbury gives no data as to the number of soils examined in each of the pM. 
classes, so that the iiifiueiice of the '^hsoil curve” on these modes cannot be 
estimated. My own random collection of soil pH values (for north of England 
woodlands) includevs a fair range of both siliceous and calcareous soils and will, 
perhaps, serve to indicate the effect of the number of soils occurring in each 
of .the pH classes. Cuxiously enough, the data show modes at precisely the 



Fig. 1. The curves for “Percentage Frequency” of Psamma at Blakeney and the number 
of soils recorded by Salisbury at each jjH value for the beaches and dunes at Blakeney 
Point. 
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pH values at which the inodes for the incidence curves occur in the cases 
mentioned above : 

Numbers of recorded pH values for soils of different types. 

class 

^ A : - 

4 ^ 4.4 4-5-4-9 5-5-4 5-5-5-9 6-6-4 6-5-6-9 7-7-4 7-5-8 


1 . Calcareo us { Y orks. ) 

— 


— 

— 

8 

19 

31 

12 

2. Calcareous clay (N. Lancs. ) 


2 

4 

9 

17 

14 

26 

4 

3. Siliceous* 

10 

41 

26 

29 

30 

11 

3 

— 

Total 

10 

43 

30 

38 

65 

44 

60 

16 


* Carboniferous and Red Sandstones, Silurian. 

The bimodal incidence curve, for the three species under discussion, is 
clearly suspect, especially since all of these three species occur both on cal- 
careous and siliceous soils. Still further examination reveals other objections 
to the bimodal incidence curve. It is not shown in Olsen’s data for either 
MeTciirialis or Fiearia (10), and for the relatively few cases in which he obtains 
a bimodal curve {Festuca and Taraxacum) Olsen puts forward the suggestion 
that the species includes difierent sub-species which tend to occur at different 
hydrogen ion concentrations. Secondly, data from the north of England for 
the distribution of MercuriaUs in relation to hydrogen ion concentration do 
not indicate a bimodal form. In fact the maximum number or percentage of 
occurrences occurs in the region 6*5“6-9) given by Salisbury as the de- 
pression between two modes. 

pH values of soils on which MeicuTmlis was abundant. 

class 

^ ^ ^ ^ .. 

4*5-4-9 5-5-4 5-5-5-9 6-6-4 6-5-6-9 7-7-4 7-5-8 

No. of records... 1 5 6 8 16 9 2 

% of total soils* 2-3 16-6 15-8 14-5 36-3 15-0 6-2 

* Percentage of the total number of woodland soils examined in each class. 

Thus the bimodal incidence curve cannot be regarded as a satisfactory 
basis for argument, until the data have received careful statistical analysis 
and until the present discrepancies in the evidence have been reconciled. It 
may further be pointed out that the comparison of these bimodal-incidence 
curves and the curves obtained by growing plants in culture media at different 
pH values is not a happy one. The growth curves may show a bimodal form 
when expressed graphically — but there is no sort of agreement between the 
results of different investigators or even the same investigator (1, 2), either 
as to the existence of a bimodal curve, or as to the points at which maxima 
occur. 

The comparison between the incidence curves and the results obtained by 
Robbins (13) for the swelling curve of potato is equally unfortunate. Apart 
from the fact that the depression in Robbins’ swelling curve occurs at a 
difierent pH value from that in the incidence curve, the most cursory examina- 
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tion of Robbins’ data sliows that he has ignored any other depressions iii' the 
swelling' curve which did not occur in the region pH 5-5-6-0, Swelling curves 
for plant, tissues in relation to, different hydrogen ion concentrations are, in 
fact, composed of .a, series of ‘"modes” and depressions. At least four depres- 
sions exist in the potato swelling curve (12), and other tissues examined are 
essentially similar. It is, therefore, not permissible to institute any com- 
parisons between these curves and bimodal incidence curves. 

The above analysis of the evidence may serve to draw attention to three 
main problems which require consideration : 

(i) Soil acid/ity appears to be distinct from so^H sourness. 

(ii) A variety of factors may prevent normal plants from growing on sour 
and acid soils. 

(iii) Data grouped as “incidence” curves require detailed analysis before 
general conclusions can be based on them. (This would appear to be true of 
all such data where the distribution ranges overlap.) 
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TREE MYCORRHIZA 

MeliB, Elias. Untersuchmgen uber die Bedeutung der BaummyhoffUza. line 
okoIogi>sclie<pli 7 siologisclj.e Studie. Gustav Fischer, Jena: 1925. Pp. vi 
+ 152 and 48 figures in the text. ' 

Melin’s researches on the mycorrhiza of pine, spruce, larch, birch and aspen (Melin, 
1921, 1922, 1923, 1924) marked the beginning of a new period in our knowledge of tree 
mycorrhiza, and already constitute a substantial contribution towards the solution of a 
much discussed and highly controversial aspect of the mycorrhiza problem. The indebted- 
ness of foresters and botanists to their Swedish colleague is increased by the publication of 
the papers now under review, in which fresh light is thrown upon the physiology of mycor- 
rhiza in forest trees. 

Summarising his earlier work on the mycorrhizal fungi of Conifers, Melin adds the names 
of several Hymenomycetes to the list of those already identified experimentally as mycor- 
rhiza-formers in pine and spruce, viz. Amanita mnscaria^ Cortinarius muscosuSf Lactarius 
deliciosus, and Eussula fragilis on pine; and Amanita muscaria, Cortinarius haltealus, and 
Lactarius deliciosus on spruce. 

He offers also a warning on the need for caution in drawing conclusions from negative 
results in artificial cultures by reason of the changes known to be induced in the root-fungi 
under these conditions. He had shown in an earlier paper that the production of mycorrhiza 
in trees is determined by the physiological states of both symbionts, that of the fungus 
being especially prone to variation in respect to the qualities which determine “virulence.” 
Accepting this view, the formation of mycorrhiza in Conifers is a “reciprocal phenomenon,” 
a conclusion in agreement with that recently put forward in respect to heather (Rayner, 
1924). 

The greater part of the present paper is concerned with the results of a long series of 
experimental cultoes designed to investigate the nutrition of both symbionts in Conifers- 
myeorrhiza and throw light upon their mutual relations. 

The conclusions already reached by the author himself are clear from his earlier works. 
Thus: “Bie Birken- und Espenmykorrhiza ist kein parasitisches Gebilde, wie es z. B. 
McBougall meint, sondern Pilz und Wurzel leben in mutualistischer Symbiose miteinander ” 
(Melin, 1923, p. 517); and, again, after summarising the case for a mutual relation in pine 
and spruce under conditions favourable to mycorrhiza formation: “Biese optimal entwick- 
eite Mykorrhiza ist u. a. auf gutem Rohhumus und auf zur Aufforstung draniertcn Moor- 
boden schon vcrtreten. Ist der Pilz hier Parasit an der Wui'zel oder leben beide in mutual- 
istischer Symbiose zusammen? Auf diese Erage gibt es nur eine Antwort: Wurzel und Pilz 
leben in mutualistischer Symbiose” (Melin, 1923). 

Experimental evidence in support of these views has been obtained from the behaviour 
of the root fungi and their hosts when supplied with various nutrients and is marshalled in 
the paper now under consideration. It relates especially to the following aspects of the 
problem: (1) the general reactions shown by the two symbionts under pure culture con- 
ditions, with special reference to nitrogen assimilation; (2) the application of these experi- 
mental results to the conditions found in nature. 
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' L' The technique adopted for growing seedlings in pure enlliirf* wilh and without in- 
fection was simple and . effective. For synthetic cultures the use of sand watered with a 
suitable nutrient was pi’eferred' to humus, owing to the toxicity of sterilised iiumiis to the 
mycorrhizal fungi; under experimental conditions mycorrhizae were formed only in sand 
cultuim ' 

Under pure culture conditions, the root fungi of pine and spruce displa}' great variability 
in' growth on favom'able media. Some, e.g. the species of Boletus assoclat-ed with pine, are 
relatively vigorous, others make very feeble growth or, are maintained witli difficiiliy in 
artificial cultures. 

As compared with, indifferent species- and casual soil fungi, they a.re nioro easily affected 
by changes in the substratum and are extremely sensitive to the H-ion coiLC(aiira1ioii of the 
medium. Whereas the former grow indifferently over a wide range of I'ulues, the root 
fungi, with few^ exceptions, prefer an acid substratum, and are ijica,pab]e of grown h at pH 
values on the allialine side of neutrality. Optimum conditions for tln.^ fungi of pine and fir 
are provided by pH values betiveen 4-0 -and 5*0. In this connection it is of intei'est to note 
that pH values about 4*0 have been ■ recorded for the humus layers of coniferous woods 
throughout .middle and northern Europe by Hesselman ,(1917), and that Brenner (19,24) 
found pH values ranging from 3*5 to 4*8 in similar soils in Finland. 

: , Of particular interest is the .reaction shown to small amounts of p,hosphates, by these 
fungi, in, view of Hansteen-Cranner’s (1922) observations on the giving off of .these sub- : 
stances by the roots of the higher, plants under .certain conditions. In, Me,!in's experiments, 
growth was markedly stimulated when the fungi were brought from pure culture into 
contact with seeds and seedlings of pine and spruce. 

Melin was satisfied that the effect was due to excreted phosphates, and attaches great 
importance to these- observations by reason of the special growth relations shown by the 
myeorrhizal fungi in nature. 

The .behaviour of , these fungi in relation to nitrogen assimilation is of special importance. 
No evidence whatever, w^as obtained that any of the forms can utilise, atmospheric nitrogen; 
salts of ammonia, urea and nucleic acid all serve well as somees of nitrogen, while individual 
fungi can make use of peptone, asparagin, and a number of other orgaaiic compounds, with 
equally good results. 

; A long series, of experim,ents -with various carbon, compounds led to the conclusion that 
growth .was satisfactory only w-hen glucose was supplied, thus: supporting the popular 
belief .that m.ycorrhizaI,, fungi obtain, supplies of carbon from the root, cells of their hosts. 
Direct experiments on the utilisation of the organic compounds in, humus were limited, by 
the toxicity of this material when sterilised by heat, but humus extracts freed from micro- 
organisms by filtering gave weak growth, and the addition of glucose produced vigorous 
development as on favourable soil 

The reaction of pine and spruce seedHngs to various nutrients in pure culture was tested 
by germinating sterilised seeds, and growing the resulting seedlings in sand and humus 
cultures in special culture flasks for periods of two to three years. The capacity of such 
seedlings for independent growth had been determined in earlier experiments (Melin, 1923). 
Compared with uninfected seedlings they exhibit characteristic structural features in the 
root systems and have incidentally provided proof that there is no obligate relation with 
the root fungi, such as occurs in the developmental stages of orchids and heaths. 

A series of experiments designed to test the reaction of these seedlings to possible 
sources of nitrogen led to the following conclusions. There is no fixation of free nitrogen; 
inorganic compounds of nitrogen, e.g. potassium nitrate and ammonium chloride, provide 
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suitable sources of nitrogen; simple organic compounds, e.g. asparagin, can be readily 
utilised; more complex compounds, such as peptone and nucleic acid, are used with difficulty, 
as evidenced by the excessive length of roots in cultures to which they were supplied. 

Similar seedlings of pine and spruce, after inoculation by appropriate root fungi, pro- 
duced typical mycorrhiza in sand culture. Experiments with various nutrients confirmed 
the conclusions indicated by the behaviour of fungi and seedlings when growing alone. 

In view of its great importance, the possibility of nitrogen-fixation by the mycorrhiza 
in synthetic cultures was carefully tested and gave negative results, the small increase in 
nitrogen content at the close of the experiments being regarded as due to atmospheric 
impurities. 

The reaction shown by these synthetic seedlings to various compounds of nitrogen is 
specially important in view of the long controversy about nutrition in mycorrhizae and 
their relation to the soil humus. 

The comparative growth of cultures supplied respectively with ammonium chloride, 
peptone and nucleic acid was determined by dry weight estimations, and the figuios 
obtained after three yeai’s’ growth are supplied in Table 41 of the present paper. Evidence 
of the general condition of the cultures is provided by photographs of the seedlings after 
removal from the culture flasks, and is particularly impressive in the case of the nucleic 
acid cultures (pp. 82, 83). The roots of the seedlings with mycorrhiza are one-third, or less 
than one- third, as long as those of uninfected control seedlings, and exhibit none of the 
characteristic symptoms of nitrogen starvation shown by the latter. 

When combined with evidence drawn from the figures supplied in the tables, these 
observations appear to justify Meliffis main conclusion: ''Diese Versuche zeigen, dass die 
Mykorrhizen auf complizierteren organischen Stickstofiverbindungen, beispielsweise Nu- 
kleinsaure und Pepton, fur die Pflanzchen niitzliche Gebilde sind. In Reinkulturen ver- 
mitteln namlich die Mykorrhizen den Pflanzchen die Audnahme der erwahnten N-Verbind- 
ungen im grossen und ganzen leichter, als dies die Wurzeln allein tun kann.” 

2. The application of these experimental results to conditions found in nature is of 
particular interest in view of the controversial views expressed by earlier workers, in respect 
to the significance of mycorrhiza in forest trees. 

Observations on the H-ion concentration most favourable to the root fungi have been 
supplemented by field observations, as mentioned above, and become significant when it is 
realised that it is only in humus soils of the more acid type that coniferous mycorrhiza is 
freely formed in nature. Moreover, it is in soils of this class, i.e. those consisting largely of 
raw humus (Eohhumusbdden), that the nitrogen supply exists chiefly in the form of organic 
compounds of relatively complex type. 

In humus soils with a more neutral reaction (Mullbdden), e.g, those of heaths, coniferous 
mycorrhiza only appears sporadically, and it is suggested by Melin that its formation may 
be directly related to the known differences of behaviour in such soils in respect to the 
breakdown of organic material and the rate of nitrification. 

With regard to the distribution of the mycorrhiza! fungi in nature, great importance is 
attached by Melin to the supply of phosphates associated with roots. It is suggested that 
these substances may be indispensable to the fungi, perhaps for the pi’oduction of fruit 
bodies, perhaps in relation to the germination of spores. 

The main contention in this paper, namely, that mycorrhiza possesses a vital significance 
for trees and other plants growing in acid humus, if correct, opens up a whole new field 
for experimental enquiry, since it becomes of the first importance to provide conditions 
favourable to the formation and active functioning of mycorrhiza. This is especially true 
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in relation to forestry, since in woodland soils the amount of humus present is constantly 
increased by the process of leaf fall. 

In a summarised account,. it is not easy to do .justice to the wealth of observation and 
ex.periment that have made the publication of t.his paper possible. Its \^ahie is greatly 
enhanced by the large number of tables supplied in the appendix, in wiiieli, tlie author’s 
experimental results are clearly set out. 
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SOUTH AFRICAN PLANT FORMS 

Bews, J. W. Plant Forms and their Evolution in South Africa. London, 
1925. Pp. 199, 31 figures and 1 map. 

The flora of South Africa has been long regarded as being one of very great interest 
from many points of view, and not least from the fact that it contains two very widely 
separated elements. The one, and to botanists outside, probably the better known, occupies 
a rather restricted area in the south-west portion; the other is much the more widespread 
flora and occupies the central and eastern portions. 

For the study of plant migrations and the possible phylogenetic history of such floras 
or of any special types of plants, South Africa possesses very many advantages. The con- 
tinent is a very old and stable one, and the land connection with the tropics and the northern 
hemisphere has remained unbroken, at any rate from the time of the evolution of the 
angiosperms. The climate also, although it has undergone fluctuations, has not had any of 
the violent devastating changes that have taken place in the north. At the present time 
South Africa exhibits considerable varieties of climate each with its own characteristic 
vegetation type. 

In commencing to trace an evolutionary sequence of plant form and, hence, indirectly, 
of vegetation types, the author distinguishes two types of habitat. The first are those which 
have persisted for immense periods of time practically unchanged, what are termed primitive 
types of habitat. These are claimed to have remained unchanged since the evolution of 
flowering plants. The second are changing or derivative types of habitat which have not 
this long unchanged history. The former are represented by moist tropical or subtropical 
forest, marshes or swamps, stream sides, sea shores, and possibly mountain tops. The 
vegetation in all these cases is very widespread and covers very wide geographical areas 
without change of type. It is in these primitive habitats that the most ancient growth 
forms are looked for. In determining on these, mse is made of confirmatory evidence from 
other sources, such as floral morphology, structure and so on. The most primitive forms are 
regarded as being represented by the tree with broad simple leaves and by the halophyte. 



168 


Reviews 


Air other types are derlvati^’^es and have been evolved in relation to increasing aridity. 
Evolution of growth form is regarded as being a progression from the hygrophyte towards 
the xerophyte. Extreme xerophyte desert plants, succulents, etc., represent very modern 
forms. The annual is regarded as the most highly evolved growth form. Certain plants, 
e.g. Gymnosperms, are considered on a different basis; these plants, very few in number in 
South Africa, are looked on as possible relics from a pre-angiosperm flora. 

Accepting this scheme of evolution of growth form, the author argues that succession 
passes through a series of stages that are the reverse of those passed in the evolution. The 
succession series is utilised in the building up of the phylogenetic story of the flora: statistics 
of growth forms, numbers of genera and species and so on are quoted in support of the 
theory advanced. 

These premises form the basis for the sketch of the origin and migrations of the flora. 
That of the east and the central region is I'egarded as having come from migrations of 
plants from the tropics and subtropics. Here a good and connected argument is advanced 
in support. This is the author’s own ground and the account here is much more living than 
other portions of the book, 

A special chapter is devoted to the origin and establishment of grassland which forms 
such an important part of the South African vegetation. It is claimed that the evolution 
of the grass-like plant enabled the angiosperm flora to occupy vast areas that- previously 
it could not penetrate. The impression left with the reader, however, after reading this 
chapter, is that this exceedingly perplexing question has not been advanced towards 
solution. 

The chapters on the Karroo and Deserts and on the south-west flora are much less 
happy than the earlier ones, and cannot be said to advance our knowledge of the flora to 
any appreciable extent. As regards the last,, the author does not commit himself definitely 
to either of the prevailing views as to its status, though he inclines perhaps towards origin 
by mountain range migration from the north. While emphasis is laid on the penetration of 
eastern and Karroo genera and species into this flora, the reverse is not mentioned; but 
surely such a genus as Pelargonium, for example, with a few specialised Karroo species and 
a large number, often with much less highly evolved growth forms, in the south-west, 
might be regarded quite as fairly as showing a north-east migration. All through, however, 
there seems to be a tendency, perhaps inevitable, to select and weight the desirable evidence, 
and several statements are made that seem to need much in the way of proof before they 
can be accepted. As a result few will feel inclined to accept ail the author’s statements and 
conclusions. 

Reading this book, one cannot help feeling that the interest fails off in the later parts. 
While dealing with the eastern portions of South Africa, Prof. Rews gives the impression 
of feeling fully at home, whereas his account of the more western portions, being drawn 
largely from second-hand information, is much less convincing. 

While the book deals exclusively with the flora of South Africa, there is much, especially 
in the earlier chapters, that is of general interest. The book should certainly serve to stimu- 
late interest in an intricate but very fascinating side of ecological study. 

A bibliography of works relating to the South African flora is given and the book has 
a full index. 
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SUMMER EXCURSION 1925 

The sttimner field meeting was held at Aberystwyth where 17 members and some 
visitors assembled on August 10. The Headquarters were at th<‘ Alexandra Hall of llesidence 
where most of the party were accommodated. A very interesting week was spent, io Kpit(* 
of somewhat unfavourable weather, under the guidance of Prof. Stapledoii and Prs)f. Lloyd 
Williams. 

On the first evening a meeting was held at which Prof. Stapledon gavc^ an aeemint of 
the work of the Welsh Plant Breeding Station and its relation to souk* of th<^ (,*eologie:d 
problems of the district. Much of the mountain area inland from Abeiystwyth is covered 
with grasslands which are heavily grazed by sheep, and it is important to ascertain the 
effects of constant grazing on different species and varieties of grasses. The metiiods of 
investigation and some of the results were described. Other branches of the work of the 
station were described including the production of new races of grasses, cereals and clovers 
by hybridisation, and the study of the effects of altering the normal period of daily illu- 
mination on different plants. Prof. Lloyd Williams gave an account of some features of 
interest in the vegetation of the district and of the mode of occiirretnce of the chief woodland 
types in the area. 

The first day was spent in visits to the Plant Breeding Stalioii, when* many tilings of 
interest were seen. Mr Tincker demonstrated some of his exp(H'im(*nts on the effects of 
illumination (cf. Annals of Botany, 1925) and showed how considtrablc -were the results 
of growing plants in conditions under which they were exposed to .sunlight for a shorter 
period than that of the normal day. This treatment affected the habit of the plants, their 
time of flowering and their carbohydrate content. Experimental plots containing clover 
and cereal hybrids were visited and experiments on the grazing and cutting of grasses were 
demonstrated. 

On the second day the party paid a visit to PJynlimmon with the intention of studying 
the types of grassland of that district. Most of the observations made, however, related to 
the climatic conditions of the region as members had full opportunity of realising the 
exposure of these slopes to wind and the amount of rainfall which may occur on a simimer’s 
day. 

The wooded valleys between the uplands and the coast were next visited iinder the 
guidance of Prof. Lloyd Williams. Most of these were probably covered at one time with 
Quercus sessiliflora woods, though Quercus rohnr woods are found in a few places. In several 
localities the effects of recent felling were observed. In some places the oaks were growing 
up from the old stools, while in others the steep hillsides appeared to have become almost 
bare of vegetation. An interesting case was pointed out where an area seemed to be in 
process of invasion by XJlex. The route taken was up a valley containing several, old lead 
mines and the poisonous effects of the small traces of lead salts in the drainage water were 
very noticeable. Not only were algae and aquatic plants almost absent from the main 
river but the colonisation by plants of the recent deposits and gravels seemed to be greatly 
retarded. The beautiful oak woods at the Devil’s Bridge were found to be very interesting. 
They cover the steep sides of narrow valleys and being very moist they possess a -very 
large and varied cryptogamic flora. Large tufts of Polypodium vulgare with many mosses 
and liverworts growing epiphytically on the trees were conspicuous features, and several 
of the less common species of British ferns were seen. 
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The last excursion was to the great Borth bog and to the salt marshes of the Dovey 
estuary. Parts of tills area have been already described (Yapp and Johns in this Jouei^al, 
5, 1917 and 10, 1922), but other interesting features were also seen. A brief period was 
spent on the bog, where the three British Broseras were collected. The changes in the 
vegetation due to peat digging and the subsequent succession were noted. After visiting 
the salt marshes, the party proceeded to the great shingle bank at the mouth of the estuary 
where traces of the old hooks or lateral hanks were pointed out on the goh links. Near 
this point an interesting isolated pool was shown to the members and the zonation of its 
vegetation explained, it contains in one place a vigorous growth of a Chara, a plant type 
which is very rare in the neighbourhood. 

During the four days devoted to excursions many varied and interesting types of 
vegetation were seen and a considerably longer period might have been profitably devoted 
to their examination. It is hoped however that in the near future further studies on the 
vegetation of the district will be published by the members of the University of Wales 
connected with the Botanical and Agricultural departments at Aberystwyth. 

H.H. T. 

ANNUAL MEETING, MANCHESTER, 1926 

The 12th Annual Meeting was held in the Botanical Department of the University, 
Manchester, on January 9th, 1926. The President, Prof. P. E. Weiss, occupied the Chair. 

After the minutes of the previous Annual Meeting had been read and confirmed the 
President read a letter from Prof. Schroeter in which he expressed liis great appreciation 
of the action of the Society in electing him an Honorary member. 

The Treasurer then presented the accounts for 1925 (p. 171), and pointed out that the 
favourable financial position, by far the most favourable in the history of the Society, w'as 
largely due to the great increase in the sales of back numbers and that the year’s expenses 
were not covered by memhers’ subscriptions and sales of the cmrent volume of the Journal. 
The large receipts from the sales of back volumes really represented realisation of capital 
assets. On the proposition of Prof. Thoday seconded by Dr Woodhead the accounts were 
formally adoped. 

A hearty vote of thanks was accorded to Mr Paulson for auditing the accounts and by a 
unanimous vote he was elected auditor for the ensuing year. A hearty vote of thanks was 
also accorded Mr Boyd Watt for his admirable conduct of the finances of the Society. 

The Hon. Secretary then submitted his Report, which was adopted. 

Hon. Secbetary’s Report for the year 1925 
During the past twelve months three meetings of the Society have been held. The 
Annual Meeting took place at University College, London on January the 10th and was 
preceded by a Soiree in the Botanical Department of which an account has akeady 
appeared in om* Journal. 

The chief Field Meeting was held at Aberystwyth from August 10th~15th under the able 
guidance of Prof. Lloyd Williams and Prof. Stapledon to both of whom the Society is 
indebted for the admirable arrangements for the comfort of those who took part. The 
annual Foray in conjunction with the Mycological Society was held at Burnham Beeches, 
and for the conduct of this we were again indebted to JVlr Ramsbottom. 

Two numbers of the Journal have been issued during the year, in February and September 
respectively, together comprising 836 pages and 14 plates. This it may be pointed out is 
a larger total than when the Journal was issued in four parts and indeed is nearly equal 
in size to the issue of last year, for which a special donation was received. It should therefore 
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be a matter for gratification to mombers that whilst the Council deem it necessary to raise 
the price to non-members in conformity with the actual cost of production, it is still possible 
to supply the Journal to members without raising the subscription and, so far as the Council 
can foresee, that necessity is not likely to arise. 

We regret to have to record the loss by death of three of our members. Miss Winifred 
Smith, who endeared herself to all those with whom she came in contact, is a loss that will 
be keenly felt by many, and particularly by her colleagues at University College, London, 
of which she was Tutor to women students. Mr Frank Morey, who, like Miss Smith, 
joined the Society at its inception, was one of that rapidly disappearing class of naturalists 
whose knowledge and sympathies embrace most branches of Field Natural History. He 
was the founder and mainstay of the Isle of Wight Natural History Society, to which Ms 
loss is an irreparable misfortune, but he has left a permanent memorial of his work in the 
Island, in bis Natural History of the Isle of Wight Mr L. W. Cole, whose untimely death 
occurred in the early part of the year, was an ecologist of some promise who collaborated 
in a study of the vegetation of English Heaths, part of the results of which have been pub- 
lished in our Journal. 

Five members have tendered their resignations but we welcome in their stead nineteen 
others who have joined since our last Annual Meeting. The membership is now 166 ordinary 
members and three Honorary members. 

Further Eise in Price oe the Journal of Ecology 

The President then moved from the Chair the CouneiTs recommendation that the cost 
of the Journal to non-members should be raised to 305. Dr Watson spoke against the 
motion, which he thought would affect foreign subscriptions adversely. Dr Salisbuiy 
called attention to the fact that the cost of production of the Journal was in excess of the 
income derived from the sale of the current volume, and it was therefore only fair that 
non-members should contribute in money in place of the personal service contributed by 
members. The motion was then put to the meeting and was carried with one dissentient 
■■vote. 

Election of Officers, etc. 

The Meeting then proceeded to the election of Officers as follows: 

President: Dr Woodhead. 

Vice-President: Dr H. Hamshaw Thomas. 

Council Members: Prof. Bews, Mr Eiamsbottom, Prof. Yapp. 

Hon. Editor: Mr Tansley. 

Hon. Secretary: Dr Salisbury. 

The following were elected members: 

Mrs Bacon, Miss Gertrude Connolly, Dr G. Jessop, Mr F. S. Laughton and Mr J. Rees. 

Scientific Proceedings 

Dr W. G. Smith then communicated a paper on the Improvement of Hill Pastui*e, in 
the course of which he drew attention to the effect of burning as, an amelioration rather 
than as a permanent improvement and the comparative permanence of the burn limits. 
The distribution of Juniperus on the area in question was attributed to the freedom from 
fire of the areas where this plant is present. The effects of various manurial treatments 
were deseribed. 
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Miss V, E. L. Anderson dealt with some aspects of thc^ \Vat<‘r relations of t he Vep;(‘tation 
of the Chalk. ■ The natural water content of the soil of a Chalk Down had been determined 
at four successive levels . at intervals of a fortnight or less throiigiioiit a period of eighteen 
months, which included one year of exceptionally high rainfall and also a period of p.ro- 
longed, drought. The water content was found to have an .average value of 36-7 f'b® 
surface and 27*2 % at a depth of 2 ft. 6 ins. The extreme values for the surface W'ere 61*2 % 
and 8*58 % . The relations of the water content to meteorological and soil conditions were 
dealt with. and the results of a study of the depth and extent of the root systems of the 
chalk flora were briefly outlined. Whilst a number of species, such as Polygala 'mlgaris, 
are shallow rooting the root systems of Poterium sanguisorha and other of the perennials 
may attain a depth of over 33 ins. 

Mr 0, W. Richards read a paper on Animal and Plant Habitats in which he emphasised 
the difficulty of correlating the communities of animals and plants. The plant community 
embraced a complex of animal habitats and extensive subdivision of the former was necessary 
before any clear relation between the two could be established. 0 v^ieg to the ‘tfood cycle ” of 
animals the presence of a species depended not only on the conditions favourable for itself 
directly but on those favourable to its source of food. Animals were therefore regarded as 
occupying “niches” rather than habitats. 

Mr S. K. Mukerje gave an account of the plant communities found in the Kashmir 
Himalayas between 5000 and 18,000 ft. Several of the communities described were similar 
to those of Britain, such as the Phragmitetum, Scirpetum, Typhetum and Fen. The 
diflerentiation of these aquatic communities was regarded as depending chiefly upon the 
depth and translucenoy of the water and upon the degree of sedimentation. The Xerarch 
and Hydrarch successions culminate in a mesophytic community dominated by Cedrm 
deodara. Above this latter, which attains to 8000 ft., forests of Abies webbiana and JBeiula 
are followed by Juniper scrub and alpine pasture. 

Dr Woodhead described the results of examinations of peat made recently in the 
Pennines which showed that the peat was akeady being formed in late Neolithic times. 
The Roman remains rest on a considerable deposit of peat whilst above these peat of con- 
siderable thickness has been formed. 

The last paper was a communication of Prof. Oliver in which he described the extensive 
area at the mouth of the Havre colonised by Spartina ToionsendiL The chief feature of 
interest is that the SpartiTia is here followed by Glyceria marUima, the fii*st recorded 
example of a succession initiated by the Rice grass. 

The meeting ter m inated with a hearty vote of thanks to Prof. Weiss and his colleagues 
for their hospitality and for arranging the exhibition the previous evening. 
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PREFACE 

The data presented in this paper were obtained by my researches in the 
Governments of Moscow (district of Bogorodsk and Dmitrov), Wiadimir 
(district of Wiadimir) and Ivanovo-Voznessensk (districts of Teikof, Sereda, 
Ivanovo- Voznessensk and Shouja). The total area of the Sphagnum bogs in- 
vestigated exceeded 400 sq. km. The scanty literary material concerning the 
former Government of Eiazan^ (1) and that of Tver (2, 3), as well as informa- 
tion directly obtained from A. J. BronzoS about the former Government of 
Jaroslav (now Rybinsk) points to a complete analogy between the Sphagnum 
bogs of these provinces and those I visited myself. It is thns highly probable, 
that the information given in this paper is also applicable to the greater part 
of that vast region of Middle Russia which, according to P. Maievsky (4), 
^ This part of the Government of Riazan has now been joined to the Government of Moscow. 
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extends over the following Governments^: Moscow, Tver, Jaroslav, Kostroma, 
Wladiinir, Nijni-Novgorod, Riazan, Kaluga, Smolensk, Orel and Penza. Only a 
few communities of northern plants (Em/petrum mgrum^ Riihus cJiamae-MOfus^ 
and a few others) belong exclusively to the northern part of this region and are 
not found in the south. The immense majority belong to the Sphagnum bogs 
of the whole region, except perhaps those of Orel and Smolensk. 

My investigations were made in 1917-21. The results have as yet been 
published in part only (in Russian), (5), (6), (7), (8). 

INTRODUCTION 

PUibel (9) distinguishes four branches of the study of vegetation: 

(1) Isolation of plant communities and the study of their constitution 
(Gesellschaftsmorphologie). 

(2) Distribution of communities in space (Chorologische Soziologie). 

(3) Ecology of communities (Ecologische Soziologie). 

(4) Succession of communities (Genetische Soziologie). 

To me it seems that no study of the ecology of communities is possible without 
a knowledge of the ecology of the species which form them, so that questions 
touching the ecology of species will here take a prominent place. 

If we exclude researches which are antiquated in method and give only 
disjointed and by no means typical lists of species, and also those which touch 
mainly on palaeontological and stratigraphical questions, there remain very 
few monographs (1, 2) which contain accounts of the origin and strati- 
graphical structure of the bogs, of the botanical and chemical composition of 
the peat, and give descriptions of the vegetation. There does not yet exist in 
Russian botanical literature any list of the principal plant communities of the 
Sphagnum bogs of Central Russia, much less anything approaching a complete 
characterisation of these communities. 

I shall therefore endeavour, by synthesising the description of various 
obseryed plots, to define, for the first time, these communities and to enu- 
merate the species which characterise them. It is also necessary to describe 
the situations of the communities on the bog surface and the relative areas they 
occupy (Fig. 1). It was impossible in the time at my disposal to employ exact 
methods such, as “Linientaxering,” as used by the Swedish botanist Thore 
Fries for instance (see H. Osvald, 11), and I have therefore made an approxi- 
mate estimation of the relative surfaces occupied by the different communities, 
as shown in the diagram. 

The ecology of the bog species, as I understand it, has scarcely been 
studied at all, either in the region dealt with here, or in Russia generally. The 
observations of D. A. Gerassimoff (1, 2) concern only a few bogs, i.e. they 
were made on a comparatively small area. Exact knowledge of the ecological 

1 It is unnecessary to deal with the southern and south-eastern Governments of this part of 
Russia since hardly any Sphagnum bogs occur in them. 
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Fig. 1. Diagram illustrating the arrangement of associations of a Sphagnum bog developing in the midst of spruce 
and pine forest. The central space represents the Sphagnum bog complex (see text), the arrows indicating the 
centrifugal march of the associations, which gradually encroach on the forest. The peripheral sectors represent 
the different associations of the succession from untouched forest to the Sphagnum complex. Their areas are 
roughly proportional to the areas of the different serai associations. One octant represents the succession from pine 
forest, the remaining seven from spruce forest. It can he seen that the former succession is shorter than the 
latter, which varies in length, sometimes passing through only two, but often through as many as six stages. 
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Spharpium Bogs of CeMral Russia 

adaptability of species can only be obtained by an examination of extensive 
niateriai over a wide area. 

xigain, while the altitudinal zonation, as shown by the microrelief, of the 
plant communities of meadowland has long been studied in Eussia, and is 
now worked out very minutely (12), the same phenomenon and its relation 
to the ecology of the bog plant communities of Central Eussia have scarcely 
attracted the attention of investigators, though they represent an important 
and interesting chaj^ter of phytosociology. My application of the method of 
“ecological analysis’’ is also the first in Eussian literature, and I am. unaware 
if anything of the kind has been done in other countries. 

Likewise the succession of vegetation on the bogs of Central Eussia has 
been but little studied, though Soukacheff (13), Abolin (14), and others have 
investigated the bogs of north-western Eussia from this point of view. The 
subject has very little in common with botanical researches upon the composi- 
tion (nature) of peat, which usually give but a schematic picture of the way 
in which certain types of bog succeed others. 

Finally little is known of the varied effects of culture on bog vegetation. 
In this paper an attempt has been made to make good these deficiencies 
so far as was possible during a superficial survey of great areas of bogland, 
which left no time for the application of exact methods of evaluation of 
habitat factors. The vegetation is described in terms of the small communities 
called associations by the Upsala school of phytosociologists (Du Eietz, 15), 
as has already been done by H. Oswald (11) for the Sphagnum bog vegetation 
in Sweden, and the term has been used in this sense throughout the paper^. 
My descriptions refer to separate plots of the different associations, but not to 
quadrats of definite size, as used for instance by the Upsala school (15). The 
species are arranged according to the strata (Schichten) of the community, 
beginning with the uppermost. The life forms adopted are as follows : 
md Deciduimagnolignosa (deciduous trees more than 2 metres high). 
ma Aciculimagnolignosa (needle-leaved trees). 
jp Parvolignosa (woody plants from -8 to 2 m. high). 
n Wanolignosa (undershrubs below *8 m.). 
h Herbaceous plants of non-gramineous type. 
g Grasses and other plants, such as sedges, of gramineous type. 
h Leafy mosses and liverworts. 
s Sphagna. 

I Lichens. 

Degrees of abundance are designated according to Drude’s scale. Associa- 
tions are named according to the dominants of the different strata of the 
association, and designated by the initial letters of the names of these domi- 
nants. In characterising the three fundamental types (Marsh or Pen, 

^ It should be noted that this use of the term ‘association’ is quite different from that current 
in most countries, where it is applied to a much larger unit. [Ed. — Journal or Ecology.] 
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Ntedermoor^ Tran-sition. bog, Uehergangsmoor^ and Spliagntmi bog, Ilochnoor) 
the vegetation itself has been considered first of all, rather than, the factors of 
the habitat (chemical composition of water), or the general aspect (character of 
bog surface). 

The three principal types may be characterised as follows : 

1. Marsh or Feist {Niedermoor). Dominant and characteristic species: 
Almis gliiMnosa-, Beiiila alba^^ Carex caespitosa, C. paradoxa, C. diandm, 
Aulacomnitmi palustre, Drepanodadiis vernicosus, Camptotliedum nitens, Acro^ 
dadium ciispidatimi. Sphagna absent or rare. This type chiefly occurs in 
the river valleys and is fed by ground water rich in .mineral salts. 

2. Transition .bog {Vehergcmgsmoor). Dominant and characteristic 
species : Betida alba (more rarely Pinus silmstris), Carex lasiocarpa, Calam- 
agroslis lanceolata. Sphagna (chiefly S. feciirmim (P.B.) Warnst. and 8. 
subbicolor Hampe) form a more or less continuous carpet. The type occurs on 
the edges of Sphagnum bogs or develops in place of (1) along the upper courses 
of rivers. Water less rich in salts than in (1), partly ground, partly aerial 
water. 

3. Sphagnum bogt sensu stricto (Hochmoor). Dominant and character- 
istic species : Pinus silvestf is, Cassandra calyculata, Ledum palustre, Andromeda 
polifolia^ Eriophorum vaginatum, EhyncJiospora alba, Scheuchzeria palustris. 
The dominant Sphagna are S, medium Limpr., S, recurvum, S. balticimi Euss. 
The type is situated on watersheds and the bog water is poor in salts, being 
fed by atmospheric water. 

1. ECOLOGY OF SPECIES AND OF ASSOCIATIONS 

If the quantities of any habitat factor (e.g, distance below the surface of 
the ground water) are represented as abscissae, and the qua.ntities of a species 
(e.g. weight developed on a unit area) as ordinates, a curve representing the 
relation of the species to the given factor (curve of adaptability) may be drawn, 
the summit of the curve marking the optimum condition of the given factor 
for the species. If we limit the application to dominant species, it is evident 
that the range of conditions in which a given species is dominant (amplitude 
of dominance) is much narrower than the range for isolated individuals 
(amplitude of occurrence). Here we are chiefly concerned with amplitude of 
dominance. 

The curve of adaptability of a species to a given factor may be modified 
{a) by the part of the species area under consideration, (h) by the particular 
complex of environmental factors, (c) by competition. 

The researches carried out by myself and S. V. Katz in 1924 on the Tatit- 
schevskoe marsh (Dmitrov district. Gov. of Moscow) show ilasA Menyantlies 
ifnJoZiato is dominant with a ground water depth of 10 to 70 mi,, Carex rostmta 

1 The name Betula alba is used throughout in the aggregate sense. The common form, everj?- 
where dominant in the bog birch forests, is B, pubeacens; B, verrucosa is occasional only. 
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L5--35 cm., G, limosa 10-20 cm., Aulacomnium pahistre 35-60 cm., Campto- 
thecmm nitens 18-32 cm., Drepanocladus vernicosus 10-20 cm. This makes it 
clear that Menymihus form communities with all three species of moss 
mentioned, Garex rostmta only with the two latter, and C. limma only with 
the last, and this is confirmed by study of the communities in nature. Fig. 2 
illustrates this. On the horizontal base line are marked the depths of the 
ground water below the surface, the other horizontal lines (whose varying 
heights represent the strata of the species) showing the amplitudes in respect 
of this factor of the six species mentioned. The vertical lines mark the limits 
of the amplitudes of adaptation of the “associations.” 



Fig. 2. Diagram showing amplitudes of dominance of certain species and associations with 


respect to depths of ground water. The top line shows the associations. 

Thus the quantitative study of the ecology of species explains, in a general 
way, why a given species combines in an association with a second species \ 

and not with a third, and shows that the ecology of an association, the ampli- 
tude of its adaptability, depends in the first place on the ecology of the species 
constituting it (at least so far as bog associations are concerned). Finally, the 
amplitude of adaptability of species explains in great measure their capacity 
for participating in a greater or smaller number of associations. 

An ecologist possessing enough quantitative data could foretell, with i 

sufficient probability, the possible combinations of species in associations, and 
the main lines of their composition and ecology^ The establishment of quan- 
titative ecological characterisations is work of the future, but even com- 

» There is good ground for believing that the mutual action of plants upon one another has 
but a secondary importance in the constitution of bog plant associations. The habitat factors, 
which group into associations species with a definite amplitude of adaptability, are decisive. 

I possess a certain number of data supporting this belief. 
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paratiye qualitative cliaracterisations are of value to tlie phytosociologist. An 
example will illustrate this. On the Tatischevo marsh Oarex limosa is 
dominant in water of 20 (German) degrees of hardness, and rich in iron. On 
the Sphagnum bogs C, limosa is dominant in hollows where the water contains 
a minimum of CaO and iron. Thus the amplitude of this species in respect of 
these factors is very wide. But in respect of moisture it is very narrow, for 
C. limosa is dominant only when the depth of the ground water is between 
10 and 20 cm. It is thus evident that this species can form an association 
equally well with Sphagnum halticum Buss, in a Sphagnum bog, and with 
Drepanoclaclus vernieosus in a marsh. Both soils have high water content but 
the soluble salt content is widely diherent. A ground water depth of 20 cm. 
marks the extreme limit for the growth of trees, so that it is easy to under- 
stand why Car ex limosa is not met with in forest bogs. 

The study of the ecology of species on these lines also gives us a means of 
establishing ecological series of associations through the use of plant indicators. 
This method, which I call ecological analysis of associations, was first used by 
myself in conjunction with S. V. Katz on the Tatischevo marsh in 1924 in the 
analysis of experimental quadrats of definite size. Here it is used for the 
analysis of separate plots differing in size. I am unaware whether the method 
has been employed elsewhere in Eussia or abroad. Indicators are for the most 
part species with a narrow amplitude of adaptability to a given environmental 
factor. For ‘^moisture series” B is convenient to employ as indicators, on the 
one hand, species which inhabit mineral soil, and, on the other, species for 
which excess of moisture gives optimum conditions. The number of indicators 
of each group on each plot of the association is counted, and the mean number 
of indicators for each plot is calculated. If the number of plots be sufficient 
their difference of size has no effect on the final result. The closer the ecological 
relationship between the associations studied, the more difficult it becomes 
to choose the indicators, the more sensitive they must be, and the fewer they 
will be in number. 

2. SPHAGiNTTM BOG (HOCHMOOR) 

A. Associations. 

In Central Russia Sphagnum bogs occupy an enormous area comprising 
thousands of square kilometres and exceeding that of the Marshes and Transi- 
tion bogs taken together. In consequence of the small number of species 
dominant in the Sphagnum bogs, the number of associations is also very 
limited. Association-complexes^ have a wide extension, and their vegetation 
consists of small plots of different composition, a few metres square, and 
alternating with one another, w^hich represent associations or association- 
fragments^. The distribution of these is connected with the microrelief of the 
bog, which is very disjointed. There are high tussocks which may be more 

^ Upsala terminology. [Ed. — J otjenal of Ecology.] 
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than 6 m. in diameter, or the elevations may take the form of low ridges 
running parallel in a certain direction and anastomosing. The width of these 
ridges does not exceed 2 ni., but their length is often great. The higher tussocks 
and ridges may be 70 cm. above the bog smTace, and between are wet hollows. 
Sometimes the tussocks or ridges have the appearance of islands in a flat 
swampy bog, sometimes they are so close together that the wet depressions 
between are like narrow valleys. 

The summits of the highest tussocks and ridges are covered by the associa- 
tion Finns silvestris-Ledum palnstre-Oassandraealycnlaia-8'ph.B.giia,cesLe, the sides 
by Finns sihestfis-Eriophorum m^matoz-Sphagnaceae. The hollows are 
often filled by a mixed association, where Carex limosa, Rhynchospora alba and 
Scheuchzeria palustris are dominant. Sometimes the vegetation of the hollow 
is zoned, the outer zone consisting of Ci.-Sph., the inner of Seh.j),-8pli, 
Occasionally another association, Rhynchospora aZ5a-Sph., occurs between 
P.^.-JJ.^y.-Sph. and C.Z.-Sph., occupying the peripheral parts of the hollows. 

The association-complexes described establish themselves in the centres 
of the Sphagnum bogs, occupying not less than half the whole area of the 
Sphagnum and Transition bogs. No detailed descriptioii of them exists in 
Russian literature except in my cwn papers (5, 6). On the periphery of these 
association-complexes a uniform vegetation occupies a considerable space. 
Here we have the associations P.5.-i.p.-(7,c.-Sph. and P..!?.-P.t^-Sph., more 
rarely O.^.-Sph. 

The following are lists of the species of the associations above mentioned* 

The abundance indications follow Dnide: soc. social, cop. copious, spar. 
sparse, sol, solitary. The numbers represent percentages of all the plots in 
which the species occur with the designated abundance. 


1. Association Finns silvesiris-Ledum pahislre-Ckissandra calycidata- 
Sphagnacea'e. (Compound list from sixteen separate plots.) 

ma. Pinus silvestris cop. 25; spar. 75 I^Ielampyi'iini pratense sol. 0-3 

Picea excelsa soi. 7 g, Eriopliorum vaginatuni spar. 44; sol 

md, Betula alba sol. 25 44 

n. Ledum palustre cop. 31; spar. 62*5; Rhynchospora alba sol. 12*5 

sol. 6-5 Scheuchzeria palustris sol 0 

Cassandra ealyculata cop. 31 ; spar. 57 ; h, Hypnum schreberi sol. 25 
sol. 12 Polytrichiini strictuni sol. 25 

Andromeda polifoiia sol. 69 Dicrajium boiijeani sol, 12-5 

Vaccinium iiliginosum cop. 6-2; sol. Aulacomnium palustre sol. 6 

31*3 5. Sphagnum medium soe. 19; cop. 75; 

V. vitis-idaea sol. 37*5 spar. 6 

V. myrtillus sol. 12*5 S. recui*vum (P.B.) Warnst. soc. 19; 

Rubus ehamaemorus spar. 6*2; sol. 6*3 cop. 69; spar. 12 

Vaccinium oxycoccus sol. 81*2 S. fuscum sol. 12 

V. microcarpum sol. 12*5 vS. acutifoiium sol. (> 

Ji, Drosera rotundifolia sol. 37*5 L Cladonia rangiferina soL 6 
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2. Association Pinus sihestris-Eriophorum vaginatum-Sph.eLgna,ceae. 
(Compound list from eigiiteen separate plots.) 


ma. Pinus silvestris cop. 17; spar. 28; sol. 33 
md. Betula alba sol. 17 
n. Cassandra calyculata spar. 11; sol. 83*5 
Andromeda polifolia sol. 78 
Ledum palustre sol. 44-5 
Vaceinium vitis-idaea sol. 17 
V. uiiginosum sol. 5*5 
V. myrtiilus sol. 5-5 
V. oxycoccus sol. 89 
h. Drosera rotundifolia sol. 50 
D. obovata sol. 5*5 
Orchis maculata sol. 5*5 
Melampyi'um pratense sol. 5-5 
g. Eriophorum vaginatum soc. 11; cop. 

64; spar. 25 


Scheuehzeria palustris spar. 5*5; sol. 11 
Carex liinosa sol. 11 
C. paucifiora sol. 11 
C. rostrata sol. 5*5 
C. lasiocarpa sol. 5*5 
Rhynchospora alba sol. 5-5 
6. Polytrichum strictum sol. 28 
Hypnum schreberi sol. 22 
s. Sphagnum recurvum (P.B.) Waimst. 
soc. 28; cop. 50; spar. 16*5; sol. 5*5 
S. medium Limpr. soc. 22; cop. 22*5; 

spar. 22*5; soL 27*5 
S. fuscum cop. 5; sol. 11 
S. acutifolium sol 17 


These two associations (1 and 2) occupy two-thirds of the total surface of 
the Sphagnum bogs: each forms little plots of a few square metres in the 
complexes: in bogs with uniform vegetation each occupies large areas of 
hundreds or thousands of square metres, 

3. Association Oarex Zrao^t^-Sphagnaceae. (Compound list from eleven 

separate plots.) 


ma, Pinus silvestris sol. 9 
Picea excelsa sol. 9 
md, Betula alba sol. 9 

Cassandra calyculata sol. 91 
Andromeda polifolia sol. 91 
Vaceinium oxycoccus sol. 54*5 
Salix myrtilloides sol. 9 
Drosera anglica sol. 9 
Naumburgia thyrsiflora sol. 9 
Orchis maculata sol. 9 
Menyanthes trifoliata sol. 9 




h. 


Carex limosa cop. 45*5; spar. 54*5 
Scheuehzeria palustris spar. 41 ; sol. 50 
Eriophorum vaginatum sol. 54*5 
Bhynchospora alba sol. 45*5 
Carex rostrata sol. 27 
C. lasiocarpa sol. 9 
Hypnum iiuitans sol, 9 
Polytrichum strictum sol. 9 
Sphagnum balticum soc. 100 
S. recurvum (P.B.) Warnst. sol. 18 
S. medium sol. IS 


This association (3) occupies much less space than the two preceding ones. 

4. Association Scheuehzeria j)a?^i5^m-Sphagnaceae. (Compound list from 
seven separate plots.) 


ma. Pinus silvestris sol. 28*5 
md, Betula alba sol. 14 
n. Cassandra calyculata sol. 71 
Andromeda polifolia sol. 57 
Vaceinium oxycoccus sol. 57 
h. Drosera rotundifolia sol. 14 
D. anglica sol. 14 
D. obovata sol. 14 

Scheuehzeria palustris cop. 50; spar, 50 
Eriophorum vaginatum sol. 57 


cop, 7; spar. 14*5; sol. 
cop. 7; spar. 21; 


Carex limosa 
64*5 

Bhynchospora alba 
sol. 29 
Carex rostrata sol. 28*5 
C. lasiocarpa sol. 14*5 
Sphagnum balticum soc. 100 
S. recurvum ( P. B. ) W arnst. sol. 
S. medium sol. 14 
S. dusenii spar. 14 


This association (4) far from occurring everywhere only exists in little plots. 
It also often forms quagmires (Schwingrasen) on peaty lakes surrounded by 
Sphagnum bog. On the whole the area it occupies is small. 
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The association (5) Ehynchosfora aZ6(i-Spliagnaceae occurs in little plots 
in the hollows of the complexes. It also forms but a small share of the bog 

surface. 

B. Ecology of the Species (cf. Eig. 4). 

Pinus silvestris is the least exacting tree as regards the content of the 
soil in mineral salts. It is dominant alike on dry sands and on the moist peat 
of the Sphagnum bogs, substrata alike poor in mineral salts. Betula alba 
grows chiefly in the Transition bogs which are richer in mineral elements. 
Ground water at a lewel of 15 to 20 cm. below the surface is the limit for the 
presence of Pinus, and it only forms an association wdien the ground water 
level is lower (30 to 40 cm.). This explains the dominance of Pinus only in 
the drier associations, P,5.-£.j9.-C.c.-S. and P.s.-Enf-H, It is rare in the 
wetter associations such as G.Z.-S., etc. Ledum palustre resembles the pine in 
its relation to moisture, while Cassandra calycidala and Andfomeda poUfolia'^ 
are more hydrophilous. 

The height, growth and closeness of stand (see lists in the last section) of 
the pine diminish with increase of moisture. Thus in P,s.-L,'p.-Cx,S. the 
average height is 5*9 m. (18 plots), in P.s.-Eak-B. it is 4*2 m. (16 plots). In 
the associations of the hollows the pine does not attain the si^ie of a tree. 

Ledum palustre occurs exclusively on the peat poor in salts of the Sphag- 
num bogs. Like the pine its optimum moisture is found in the driest associa- 
tion, where it is dominant in the undershrub layer, together with CaMmtif'a 
calymilata. In conditions of greater moisture (P.s\-P.ii“S.) it occurs only as 
isolated individuals, and in the wet hollows it disappears entirely. This species 
is a constant companion of the pine and grows well under its shade. 

Cassandra calyculata. Similar to the last in relation to salts. Optimum 
moisture also like the last, but constantly met with, though not dominant, in the 
moist associations of the hollows. Like the last it can bear moderate shading, 

Andromeda polifolia^ like the two last-named species, is characteristic of 
Sphagnum bog, though rarely dominant. Its optimum moistiii'C tends to be 
greater than that of Cassandra, 

The moisture relations of the three last-named species are graphically 
represented in Fig. 3. Owing to lack of data as to ground water level the four 
associations are used to indicate the degree of moisture. They siiow increase 
of moisture on the horizontal axis, from left to right, and the percentage of 
frequency for the three species in the different associations is given on tl)e 
vertical axis. 

Eriophorum vaginatum is also a typical species of the Spliagnum bog, 
though it may be dominant on peat richer i.n mineral salts where the three 
species just described are never dominant. It occurs on Transition bogs whicli 
have long been drained, and in clearings of birch forest grown on dry bogs, 
side by side wdth plants typical of a mineral soil. It also flourishes on burned 
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peat. On nndrained bog its optimum moisture is greater than that of Cas- 
sandra, hut its moisture curve extends further in both directions than those 
of the three undershrubs, so that it is dominant both in the water-saturated 
quagmires of turbaries and also on well-drained peat. This considerable ampli- 
tude of adaptability as regards both salts and water explains its participation 
in so many associations. The abundance of winged seeds it produces accounts 
for its role of pioneer on peat destitute of vegetation, whether inundated 
turbaries or burned peat areas. 



Fig. 3 . Graph showing the percentage frequencies of Cassandra calymdata, Andromeda 
polifolia and Led'im, ^ahistre in four associations of the Sphagnum hog. 


Scheuchzeria palustris is another typical plant of Sphagnum bog and is 
confined to the wettest association (iSc7^.;p.-Sph.), where the ground water is 
only a few cm. below the surface. 

Rhynchospora alba is again a typical Sphagnum bog species with 
optimum moisture in Rh. a.-Sph., the moisture curve descending abruptly in the 
direction of the drier associations. 

Carex Umosa is the third species of the wet bog hollows. Its optimum 
moisture lies between those of the two previous species and as with them the 
moisture curve descends abruptly. 

Sphagnum medium Limpr. is dominant only in Sphagnum bogs; in 
Transition bogs it occurs only as isolated individuals. It is the least hydro- 
philous of the Sphagna dominant in Sphagnum bog, inhabiting the summits of 
the tussocks. Its optimum moisture lies in the association P.s.-£.j9.-(7.c.-S., 
where it can accommodate itself to moderate shade. 

Sphagnum recurvumiViB.) Warnst. is dominant equally in Sphagnum 
and Transition bogs. In the Sphagnum bogs yut. farvulum Warnst., to- 
gether mth S. amhifhyllum Russ. var. parvifolium Sendt, are chiefly found. 
I believe they are only xerophytic small-leaved ecological forms of S, recurvimi, 
which grow in compact masses on the tops of the tussocks with S, medium 
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in tlie association and predominate in tlie wetter associa- 

tion P.6\-£'.^;.-Spli. on tile sides of the tussocks. This is a species of great 
adaptability as regards quantity of mineral salts and therefore enters many 
associations. It can bear more shade than S. msdium. 

Sphagnum balticum Russ, is more hydrophilous than the foregoing and is 
dominant only in the three wet associations of the hoIIow^s, its moisture curve 
resembling that of the three phanerogamic dominants of these associations. 


MAR-S H 

6-10^ 

mANSlEON BOO 
5-6% 

SPHAGNIUM BOG 

5-5 -5^ 

. P 1 N L 

Is 5 i L V £ 

1 T 1 5 

B r T u L 

1 A ALBA j,5CH£UCH2£IUAPALU5r: j 

.AlMUS CLUTINtOSA 

,CA*LEX LAS lO CAP-PA 

1 StHY H C H O S P: ALBA | 

K C A ^ 

1 1 
EX L 1 M O S 

1 j 

A.._ 

1 ,'■■■■ 

, C A R- E X 

fL O STR-ATA^ 

1 

,£J?-iOPM O R-: YAO IMAT; 

r ' ' 

.MENVANTHrS T fL 

1 FO L 1 A T A j 

1 ' ' 1 

ji£&U. M PAtUSTR-Ej 

i C A L L A P A L U 5 T 

R-! S , 

,‘cA5SAN10R-A cal VC! , 

1 ■ 1 , 

.CAR-EX VESICAIZ-IA 


1 ' ■■■■ i 

ceolata 

.SPWACMUM MEDIUM , 

1 

, CAtLEK D! AMUR- A , 

"""1 

|MO|LtMtA COERLUiFA 
.CAiA.MAGR.OST|S LAM 

1 1 

, CAR-EX CR-ACIti5 

1 ■ ■ I 

,CAR.EX PAB~ADOXA 

.fphagm: suss 1 colop- , 

r ' ■ ■ ' ' ' 1 

, CAREX CAE5PIT05A 

.' aula COMM: PALU5TR-e! 

1" ■' ■ ' " ' ■ 1 

.CAMPTOTHEC: NITENS , 

! 1 

j ACR-OCtAD lU M CUSPIO.'j 

1 I' 

, S P H A O M U M R- e 

f ; — ::: 1 

SPHACKJUM BALTICUM . 

pamocl: veb-nicos:! 

I 1 

CUICVUM WA ia-IM S , 


Fig. 4. Amplitudes of adai^tability to concentration of mineral salts of species characteristic of 
Marsh, Transition bog and Sphagnum bog. The percentage tigures under these three heads 
represent, very roughly, the average percentages of ash according to Gerassimoif (2), in the 
peat of the three types. Accurate data on the concentration of salts in the waters are lacking. 

sphagnum Dusenii G. Jensen and S. cuspidatum Elirli. are the most 
hydrophilous of the Sphagnum bog Sphagna. Sometimes they occur in tlie 
wettest hollows of the Sch.p.-S])h.. association with water above the surface. 

Hypnum fluitans (Dill) L. This is the Bpecie.s of Drepunodadifs most 
adapted to water very poor in mineral salts, and is the sole representative of 
the genus met with in great quantity in the Sphagnum bog.s of Central Eussia. 
Like most of the species of Drepamdadus it has floating forms whicli inhabit 
the water of inundated turbaries (see below). The terrestrial forms are very 
common in drying hollows of the Sphagnum bogs. 

0. Ecology op the As.sociatioys. 

Until recently the importance of moisture a.s a factor in tlie distribution 
of the associations of the Sphagnum bog has been in.sutficiently recognised, 
though lately, it is true, classifications of bogs according to moisture have 
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appeared (16). Tlie very great difference between the conditions of life on the 
summits of the tussocks and in the hollows close by (an altitudinal difference 
of about 70 cm.) corresponds with vegetation of quite different species and 
must be regarded as mainly due to the difference of moisture (5, 6). The alti- 
tudinal zonation from the summits of the tussocks to the bottom of the 
hollows is represented by the series: 

P.5.-i.p.-(7.c.“Sph. — P.s,-E. v.-8-ph, — Rh.a.-S-ph. — C.Z.-Sph. — ^/8cA.p.-Sph. 
summits of tussocks slopes sides of hollows centres of 

hollows 

This zonation based on moisture may be compared with the series obtained 
by the use of indicators according to the method of “ecological analysis’’ 
described on p. 183. Two groups of indicators are chosen: (1) species whose 
optimum conditions correspond with the lowest ground water level, and (2) 
species whose optimum conditions correspond with the greatest excess of 
moisture. To (1) belong Pinus silvestris, Betula alba, Picea excelsa, Vaccinium 
myrtillus, F. vitis-idaea, Ledum palustre, Vaccinium uliginosmn, and certain 
herbaceous species; to (2) ScJieuchzeria 'palustris, Rhynchospora alba, Carex 
limosa. The average numbers of indicators of the two groups growing in a 
plot of the four principal associations work out as follows : 

Indicators 



(1) 

(2) 

P.8, -L.p. -G.c. “Sph. 

3-25 

•19 


1-78 

•33 

C.l-S-gh. 

•36 

2-36 

/S'c/i.p.-Sph, 

•45 

2-43 


The indicators of group (1) thus steadily decrease, and those of group (2) 
increase, in passing from the drier to the wetter associations, corresponding 
completely with the altitudinal zonation series. 

D. Succession OP Associations. 

Published data ( 13 , 14 ) on succession in Sphagnum bogs refer only to 
north-west Russia. Hitherto those of Central Russia have not been studied 
in respect of succession. 

Formation of associations on the periphery of the hogs. The centre of a bog 
is occupied by an association complex (see p. 183) surrounded by a belt of 
homogeneous vegetation in which the associations P.s.-£.p.-C'.c.-Sph. and 
P.s.-P.t’.-Sph. predominate. These succeed Betula alha-Carex lasiocarpa- 
Sphagnaceae, and Pinus silvestris-Carex lasiocarpa~S>p]ia,gna,ceae, which are 
contiguous to them on the edge of the bog (see Fig. 1). The cause of the suc- 
cession is the overgrowth of the edge of the bog on to the surrounding soil and 
the consequent giving way of more exacting plants before the advance of less 
exacting ones. Thus if on the Transition bog Betula alba is dominant it will 
give way before the less exacting Pinus silvestris, while if the latter is dominant 
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it will remain but will be diminisbecl in size and in denseness of stand. Thus 
in P.s.-O.L-Sph. tbe mean height of the pines is 6-8 m.: in the Sphagnum 
bog association P.s.-i.p.-G.c.-Sph., 5-9 m., and in P.s.-P.n.-Sph., 4-6 m. 
Carex lasiocarpa, the dominant herbaceous plant of the Transition bog, is 
replaced by Eriophomm vaginatum and the undershrubs of the Sphagnum bog, 
while Sphagnum recurmm and S. subbicolor partly give way to the less exacting 
S. medium. The microrelief becomes more diversified, probably chiefly because 
Sphagnum medium grows more vigorously than S. recurvum, so that the former 
species forms tussocks round the tree trunks which increase in height above 
the level of the intervening spaces dominated by the more slowly growing 
8. recurvum. Another cause may co-operate in increasing the differences of 
level. In years of drought the peat hekveen the tussocks shrinks the most 
because it is fuller of water and less dense, while the denser peat of the 
tussocks shrinks less because it contains less water and is also consolidated 
below by the tree roots. 

A first indication of the age of an association is its position in relation to 
the centre of the bog— the nearer to the centre the later the stage of succession. 
Plant indicators may also be used for the analysis of succession. The in- 
dicators chosen should be (1) plants of mineral soils, but occurring also in 
Sphagnum and Transition bogs {Pinus sUvestris, Picea exceka, Betula alba, 
Vaccinium myrtillus, V. mtis-idma, etc.) and (2) typical Sphagnum bog species' 
[Ledum palustre, Cassandra calgcidata, Andromeda, polifolia, Eriophormn. 
vaginatum, Drosera rotundifoUa, D. anglica, D. obovaia, Scheitchzcrin jiahisfris, 
Rhynohospora alba). The application of the method is the same as in the 
ecological analysis described in Section C. The results were as follows: 


Associations of Transition bog 
Aesooiatious of Sijhagnum bog jp"',!® 

Thus the two associations of the Sphagnum bog diiler from the two of 
the Transition bog by the smaller number of mineral soil indicators and the 
larger number of Sphagnum bog indicators. ConsecpuMitly on a bog in course 
of formation indicators of the first group decrease and those of the second 
increase. If the two genetically equivalent assoeiatioiis of the two typ('s are 
compared this difference does not appear. In each type one of the associations 
surpasses the other in the number of indicators of both groups. This is because 
there is a greater number of species, ow’ing to the greater dryness, in a plot 
of P.s.-O.l.-Sph. and in a plot of P.s.-L.p.-V.c.-Hph. respectively than in a 
corresponding plot of the other association. These data confirm the results as 
to relationship of the associations obtained by a study of their situation. 


Average luinibers of intlicatons 
per j'llot 


jilineral soil iSphagiuim bog 
irid it.*a t ors 1 1 id j eaters 


2-4 

3*2 

1*88 

1*28 


hod 

2*8 

4*88 

4-05 
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The Carex limosa-^-ph., association is most often developed from the Transi- 
tion bog association Carex Garex rostrata is replaced by the less 

exacting C. limosa, and recuwum yields most of its place to Sph, balticum. 
The whole process takes place in the presence of more moisture than the one 
described above. The indicator numbers are as follows : 

Mineral soil Sphagnum bog 
indicators indicators 

Carex ros^rato-Sph, 2-40 1-60 

C. Zmosa-Sph. 0-36 3-91 

Here again we have the first group of indicators diminishing, the second 
increasing, confirming the conclusion, derived from its more peripheral posi- 
tion, that the first association is an earlier stage of succession. 

Formation of Association-Complexes, 

The complexes of Sphagnum bog associations are situated in the central, 
oldest parts of the large peat bogs (see Fig. 1, p. 179). They occupy no less 
than half the whole area of the Sphagnum and Transition bogs taken together, 
and their wide extent demonstrates their durability. Their position, together 
with the thickness of the peat beneath them, show that they form the final 
phase of development of the Sphagnum bog vegetation. 

The complexes develop from different associations of the peripheral zone, 
such as P.s.-i.p.-C.c.-Sph. and P.^.-P.-y.-Sph.' As soon as Sphagnum medium 
appears on a Transition bog tussocks begin to form and, owing to the rapid 
growth of this species, attain a considerable size. In the hollows between the 
tussocks atmospheric water, running down the sides, begins to accumulate, 
first of all killing the trees in these hollows owing to excess of moisture. Next 
the undershrubs perish, and the more hydrophilous Sphagnum balticum re- 
places recurvum. Lastly there appear in the hollows the hydrophilous 
species Carex Umosa, Rhynchosjyora alba, and Scheuchzeria palustris. 

The development of a complex from the association Carex limosa-^p\\, 
occurs as follows. In this association there are always small tussocks because 
Sphagnum grows very energetically round tufts of Eriophorum, undershrubs, 
etc. When the more xerophilous Sphagnum medium appears on these tussocks 
they grow more rapidly and are finally colonised by Finns silvestris and under- 
shrubs, thus forming a coiliplex with the association of the hollows. 

Changes of Association-Complexes, 

The associations of a complex are not stable but undergo changes which 
may briijg back an earlier phase of development. These changes have been 
described in north-west Russia by Soukaeheff ( 13 ) and certain other investi- 
gators, in Sweden by Osvald ( 11 ) in great detail. In Central Russia the 
process is different to that which obtains in more northern latitudes. 

The Sphagnum carpet of the hollows of undrained peat bogs very often 
begins to die off over areas of thousands of square metres. This is caused by 
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periods of hot summer drought, which only affect the Sphagna of the hollows, 
such as S. lalticum, whose stems then lie horizontally on the peat surface, 
becoming covered with a crust of algae. The species of the tussocks {S. medium 
and 8. recurvum) do not suffer from drought though they live in a drier place. 
Their dense growth enables them to absorb and retain a greater quantity of 
moisture than the loose growth of 8. balticum, with its long stems and distant 
whorls of branches. The whorls of close-set branchlets and the minute leaves 
of 8. recurvum form a good water-holding structure, while 8. medium has a 
well developed system of pore-bearing hyaline cells. Certainly in Central 
Eussia these tussock Sphagna do not die off owing to drought, nor are they 
replaced by liverworts and lichens as in more northern latitudes. 

In hollows thus deprived of their Sphagnum covering Hypmcm fluiians 
(Dill) L., appears as a pioneer, often producing fruit. Sometimes Rhyncho- 
spora alba appears on the bare peat (“naked Rliyncliospora alba, moor” of 
Osvald, 11). The drying up of the hollows favours this species at the expense 
of its more hydrophilous competitors, Carex limosa and 8cheuchzena pahiatris. 

If the hollows remain dry, all these associations give place to Eriophorwm 
vaginatum on naked peat, which may establish itself at once without the 
intervention of the pioneers. Tussocks of this species arise from seed coming 
from the neighbouring hillocks into the hollows, and growing rapidly fill up 
the hollows with new hillocks. These new tussocks or hillocks become colonised 
by Sphagnum medium, and with the old ones flatten out the microrelief into 
an approximately level surface {Eriophorum tngina,timi-Bp\i. association). In 
time differentiation of the microrelief begins afresh and the gradual develop- 
ment of a new complex ensues. If the drying of the hollows is only temporary, 
Eriophorum vaginatum does not establish itself and Carex limosa-Hph. associa- 
tion re-develops. 

3. TRANSITION BOO (UEBERGANGSMOOR) 

A. Associations. 

Association Belula alha-Molinia c«.e/«fert.-Sphagnaceae. 

Equisetum silvatk*uin sol. 

Moliiiia cfieriilea. cop. 

CaIa.,magrostis laiiceolai'a. sol ■■ 

Carex vesicaria sol. 

Polytrichiim coBiiiiune sol.' 

Hypmim Schretxiri sol, 

Sphagnom reeuiTum Wamst. 

S.. Cirgeiisoliiiii' sol. 

S. s'libMcolor sol. 


This association is found in little plots, rarely more than 10 in. square, on 
the very limit of the Transition bog and the forest on mineral soil. On the 
whole this association covers an insignificant part of the sia'face belonging to 
the Transition bog. Frequently it forms also a narrow ring round the peat 
lakes, surrounded by Sphagnum bogs. 


md, Betula alba cop. 
ma, Pinus siivestris sol. 

Picea excelsa sol. 

■p. Bhamnus frangiila sol. 
n, Vaccinium vitis-idaea sol. 

V. myrtillus sol. 
h. Menyanthes trifoiiata sol. 
Calla palustris sol. 
Trientalis europaea sol. 
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2. Association Betula alba-Garex «m’cana-Spliagnaceae. 

md. Betixla alba cop. Calla palustris sol. 

ma. Pinus silvestris sol. Lysimachia vulgaris sol. 

Picea excelsa sol. Equisetum silvaticiim sol. 

p. Rhamnus frangula sol. g. Carex vesicaria cop. 

h, Menyantlies trifoliata sol. Calamagrostis lanceolata sol. 

Comarum palustre sol. Carex lasiocarpa sol. 

Peucedanum palustre sol. s. Sphagnum recurvum Warnst. soc. 

Naiimburgia thyrsiflora sol. 

Like tke preceding association, tMs is met witli in little plots on the extreme 
limit of the Transition bog with mineral soil. The surface it occupies is very 
small. 

3. Association Betvila alba-Calla j^afes^m-Sphagnaceae. 

md. Betula alba spar. /^. Calla palustris soc. 

ma. Pinus silvestris sol. Menyanthes trifoliata sol. 

Picea excelsa sol. s. Sphagnum recurvum Warnst. spar. 

n. Cassandra calyculata sol. 

This association occurs in plots of larger size than the preceding ones, not 
seldom attaining 100 square m. It also establishes itself in the peripheral belt 
of the Transition bog, not far from the mineral soil. On the whole it likewise 
takes up small spaces on the Transition bogs. 


md. Betula alba spar. Equisetum heleocharis sol. 

ma. Picea excelsa sol. Gahum palustre sol. 

n. Salix repens sol. Caltha palustris sol. 

S. lapponum sol. Carex lasiocarpa sol. 

Betula humilis sol. Calamagrostis lanceolata sol. 

Vaccinium oxycoccus sol. Molinia caerulea sol. 

Cassandra calyculata sol. Carex stricta sol. 

Andromeda polifolia sol. C. vesicaria sol. 

h. Menyanthes trifoliata cop. C. rostrata sol. 

Naumburgia thyrsiflora sol. b. Hypnum sehreberi sol. 

Peucedanum palustre sol. Hylocomium splendens sol. 

Comarum palustre sol. -5. Sphagnum recui’vum cop. 

This association is found in plots of a considerable size, sometimes of 
several hundreds of square metres, and is of greater importance for the general 
aspect of the Transition bogs than any of the three preceding ones. But all 
four together occupy a very insignificant area compared with the two which 
follow. 

6. Association Betula alba-Calamagrostis lanceolata-S-phagnaceaG. 

(Compound list from seven separate plots.) 

md. Betula alba soc. 14; cop. 71*5; spar. Rubus idaeus sol. 14 

14*5 n. Cassandra calyculata sol. 14 

Populus tremula sol. 14 Vaccinium oxycoccus sol. 14 

ma. Pinus silvestris sol. 57 V. myrtillus sol. 43 

Picea excelsa sol. 57 V. vitis-idaea sol 28-5 

Salix aiirita spar. 14; sol 57 h. Comarum palustre spar. 14*3; cop. 

Rhamnus frangula sol 28*5 14-3; sol 57 

Viburnum opulus sol. 14 Naumburgia thyrsiflora sol. 71-5 

Salix cinerea sol 14 Menyanthes trifoliata sol 57 
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Peiicedanum paliistre sol. 43 
Galium palustre sol. 43 
Ranuncuius lingua sol. 28*5 
Equisetum silvaticum sol. 28*5 
Melampyrum nemorosum sol. 28*5 
Trieiitalis europaea sol. 28*5 
Epilobium angustifolium sol. 14 
Pirola rotundifolia sol. 14 
Potentilla silvestris sol. 14 
Epilobium palustre sol. 14 
Calamagrostis lanceolata cop. 86; spar. 
14 

Carex lasiocarpa cop. 14; spar. 14; sol. 
29 

Pliragmites communis spar. 43; sol. 14 
Carex canesceiis sol. 43 


Agrostis canina spar. 14; sol. 15 
Deschampsia caespitosa sol. 29 
Carex vulgaris sol. 29 
Juncus eifusus sol. 14 
Molinia caerulea sol. 14 
Carex, vesicaria sol. 14 
C. rostrata sol. 14 
Polytrichiim commune sol. 28-5 
Hypniim schreberi sol. 28-5 
Dicranum midulatum sol. 14 
Aulaeomnium palustre sol. 14 
Climacium dendroides sol. 14 
Hylocomium splendens sol. 14 
Spliagnum recmnnim soe. 43 ; spar. 28*5 ; 
soL 28*5 

S. squa.rrosum sol. 28*5 


This association occurs in plots of greater extension than any of the pre- 
ceding and on the whole takes np large areas. It exists almost invariably on 
Sphagnum peat bogs with active peripheral growth and siirroimded by forest. 
Here it forms a band of a few metres in width, on the limit of the mineral soil. 


6. Association Betula alba-Omex fo.<? 2 >.)mr|>a-Sphagnaceae. 
(Componnd list from seventeen plots.) 


Betula alba cop. 6; spar. 30; sol. 35 
Populus tremula sol. 12 
ma, Pinus silvestris sol. 53 
Picea excelsa sol. 18 
p. Saiix aurita spar, 0; sol. 35 
S. repens sol. 35 
S. lapponum sol. 35 
S. myrtilloides sol. 23*5 
S. ciuerea sol. 12 
Rhamnus frangula sol. 12 
Salix pentandra sol. 6 
Cassandra calyculata sol. 82*5 
Vaccinium oxycoccus spar. 0; sol 70*5 
Andromeda polifolia sol. 35 
Ledum palustre sol. 12 
Vaccinium vitis-idaoa sol. .1 2 
V. myrtillus sol. 12 

h, Comarum palustre spar. 18; sol. 53 
Mcnyanthes trifoliata spar. 6; sol. 65 
Naumburgia thyrsiflora sol. 53 
Peucedarmm palustre sol. 47 
Equisetum heleoeharis spar. 52; sol. 35 
Epilobium angustifolium sol. 18 
E. palustre sol. 12 
Galium palustre sol. 30 
Orchis maculata sol. 12 
Drosera rotundifolia sol. 12 


Calla paliistris sol. 0 

Scutellaria galerieulata sol. (I 

Viola, epipsiia sol. 6 

Lysimaebia vulgaris sol. 6 

Carex lasiocarpa soc. 36; eon. 53; spar. 

11 

. Calama.grostis lanceolata cop, 6; spar, 

12;, sol. 4,1 

Carex rostrata, sol 41 

C. limosa sol. 41 

C. chordovvhiza sol. 23-5 

C. eanesetais sol 18 

Eriophonim vaginatum .sol. 18 

E. angustifolium sol. 6 

Molinia ea.(‘ruk‘a sol. Ik 

Desciiampsia caespitosa sol. 6 

Carex v<^sicana 6 

xVgrostis canina sol. 6 

Rhragmit(\s eomnumis sol. 6 

Polytriehum <*ommune sol. 47 

Hypnum selindxa'i sol. 18 

Dicranum bonj<“ani sol. 6 

Bphagnum recurvum Warnst, soc. 76; 

cop, 6; spar. 12; sol. 6 
8. nualiiim sol. 18 
8. subbicolor sol. 12 
8. squarrosum sol 6 


This association occupies a greater surface on Transition bogs than all 
the other associations taken together. It extends uninterruptedly over coii- 
siderable areas, not seldom thousands of square metres. 
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7. AssoGmtion Pinus silvestris- 
(Compound list 

md. Betula alba cop, 20; sol. 40 
Populus tremula sol 20 
ma. Piims siivestris cop. 60; spar. 20; sol. 
20 

Picea exoelsa sol. 20 
p. Salix aurita spar. 40 
n. Vacciniiim oxycoccus cop. 20; sol. 60 
Cassandra calyculata spar. 20; sol. 60 
Ledum palustre sol. 60 
Andromeda polifolia sol. 40 
Vaccinium myrtillus sol. 40 
V. uliginosum sol. 20 
Orchis maculata sol. 20 


h 


’Carex Z^^^iomr^a-Spliagnaceae. 
from five plots.) 

g. Carex lasioearpa cop. 90; spar. 10 

Calamagrostis lanceolata cop. 20; spar. 
20 

Eriophorum vagina turn cop. 20; spar. 
20; sol. 60 

Molinia caerulea sol. 20 
b. Polytrichum strictum sol. 60 
Hypnum schreberi sol. 40 
8. Sphagnum reciirvum soc. 40; cop. 60 
S. subbicolor soc. 20; cop. 40 
S. medium sol. 20 
I, Cladonia rangiferina sol. 20 


This association covers considerable spaces on Transition bogs, only sur- 
passed in this respect by the preceding one. It is found in plots of hundreds 
and thousands of square metres. 


b. 


8. Association Carex 
(Compound list 

md. Betula alba sol. 100 
ma. Pinus siivestris sol. 80 
Picea excclsa sol. 40 
p. Salix aurita sol. 20 
li. Menyanthes trifolia ta spar 20; sol. 80 
Naumburgia thyrsiiiora sol. 40 
Comarum paWtre sol. 40 
Epilobium palustre sol. 20 
Equisetum heleocharis sol. 20 
Calla palustris sol. 20 
Galium palustre sol. 20 
Utricularia vulgaris sol. 20 
Alisma plantago sol, 20 
Ranunculus lingua sol. 20 
g. Carex rostrata soc. 20; cop. 60; spar. 20 
C. lasioearpa sol. 60 
Calamagrostis lanceolata sol. 40 
Carex vesicaria sol. 40 
Eriophorum vaginatum sol. 40 

This association often covers hundreds of square metres of treeless Transi- 
tion bog on mineral soil at the edge of meadow associations, and is the most 
extensive of treeless Transition bog associations. 

The Menyanthes in/oKato-Sphagnaceae association (not described here) is 
the only remaining Transition bog association that plays any considerable 
part in the general aspect of the vegetation covering. 

B. Ecology OF THE Species. (Gf. Fig. 4, p. 188.) 

The formation of new peat in the Transition bog exceeds its decomposition 
and therefore the bog continually grows in height. As this happens the roots 
of the plants are removed further from the ground water table and are in- 
creasingly fed with atmospheric water so that the concentration of mineral 


rosimto-Sphagnaceae. 
from five plots.) 

Carex vulgaris sol. 20 
C. canescens sol. 20 
C. limosa sol. 20 
Scheuchzeria palustiis spar. 20 
n. Cassandra calyculata sol. 40 
Andromeda polifolia sol. 40 
Vaccinium oxycoccus sol. 40 
Ledum palustre sol. 20 
Vaccinium vitis-idaea sol. 20 
Hypnum schreberi 
Polytrichum commune 
Aulacomnium palustre 
Dicranum bonjeani 

Sphagnum recurvum soc. 40; cop. 40; 
spar. 20 

S. medium sol. 40 
S. squarrosum sol. 40 
S. obtusum sol. 20 
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salts iB tlie water feeding tlie plant roots becomes less and less. Tbe different 
species stow different powers of adapting themselves to this change. 

Carex vesicaria grows in company with C. gracilis on marshes, and 
occurs also on Transition bogs which are just forming on mineral soil (cf. 
Fig. 4). It is dominant mainly in places where water stands in spring, but which 
are comparatively dry in summer. It is more hydrophilous than C. gracilis, 
so that it occupies lower levels in the microrelief. It stands shading fairly well. 

Molinia caerulea occurs as isolated plants on marshes, and, like Carex 
vesicaria, than which it is rather more xerophiloiis, it forms associations on 
very recent Transition bogs. It also bears shading fairly well. 

Calla palustris has a greater range of adaptation to vaiying concentra- 
tion of mineral salts than the two preceding species, so that although it 
occurs on marshes it also forms an association on older Transition bogs. It is 
more hydrophilous than Carex vesicaria and bears shading well 

Menyanthes trifoUata has an even greater range of adaptability to 
differences in concentration of mineral salts, so that it is dominaiit in a number 
of associations from marshes to older Transition bogs. It also has a great 
range in respect of adaptation to water. It tolerates shading fairly well. 

Calamagrostis lanceolata is dominant only on Transition bogs of the 
same age as those where Calla jjalustris flourishes. Its relation to water is 
intermediate between those of Molmia and CaEa, It bears shading fairly well 

Carex lasiocarpa is a typical plant of the Traiisitioii bog, very well 
adapted to the varying conditions of existence on the growing surface of the 
peat, and can tolerate a lower concentration of mineral salts than any of the 
preceding species, so that it occurs on older bogs. Rarely (as on the Tatischevo 
marshes) it is dominant where the hardness of the w'ater rises to 20 (( Jermaii) 
degrees. It is more hydrophilous than the preceding species and can bear 
moderate shading. 

Carex rostrata ranges from water of 25 degrees of hardjicss to bogs 
slightly younger than those in which C. lasiocarpa flourishes. If is more 
hydrophilous than that species and likes slowly flowing water. It does not 
tolerate shading. 

C. Ecology OF THE Associations. 


The associations of tbe Transition bog are not genetically equivalent, but 
form a developmental series beginning w-ith boggy forests and ending with 
the Sphagnum bogs. It is moisture which determiiies the distribution in 
space of the avssociations which are more or less genetically C(|uivalent. The 
following lists of associations are in order of increasing moisture : 

Younger associations 
Betula alba- Molinia cacrwim-Bphagnaceae 
Betula alba-Carex wmonrm-8})liagnaeeae 

{ Betula alha-Calla ^)ak.s>!frw-Sphagnaceaej 
Betula alha-Menyanthefi Irifoliafa- > 

Sphagnaeeae J 


Older associations 

Betula alhn-Ckda)nafjm.^tisi /rt^av-o/a/^z-Sphagnaceae 
Pi nufi ,silre,dris-C^(irex Imiotairpa-Hphiiginieeae 
Betula alba-( Uirex la.siofUirpa-Hphtiifmwoiiv 
Carex nM’/m/rt-Bpiiagnaceae 
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Using as indicators species of mineral soil which require little water we 
obtain a series corresponding completely with the moisture series above. With 
increase of moisture the number of mineral soil indicators decreases. 

Betula alba-Calamagrostis lanceolata-Biyh. 5*0 Betula alba-Garex lasiocarpa-^]}h.. 2-41 

Pinus si'lvestris-Garex lasioca^’pa-Sph. 3*2 Garex rostrata-^ph. 2*40 

The small difference between the last two figures is due to the small 
number of plots of the last association investigated. The number of plots of 
the younger associations given in the moisture series above was insufiicient 
for the application of this method of analysis. 

D. Succession of Associations. 

The associations of the Transition bog are in a state of unstable equilibrium. 
They form a continuous developmental series, beginning with the associations 
of the mineral forest or meadow soil and ending with the Sphagnum bog 
complex. Under existing climatic conditions this process of development, 
when once it begins, tends to continue to its natural climax, each association 
making its own continued existence impossible, and furnishing the conditions 
for the formation of a succeeding one. 

There is no doubt that this gradual transformation of forest into bog also 
took place in former times, and that on a large scale. The layer of Sphagnum- 
sedge peat with abundant pine wood occurring at the bottom of most of the 
bogs is evidence that they were formed chiefly by the gradual invasion of 
coniferous forest by the bog plants. The processes of succession involved, the 
longest and most complicated of which is the transformation of spruce-birch 
forest into bog, have not yet been described in any detail for Central Eussia. 
The chief criterion of the position of an association in the genetic series is its 
relation to the centre of the bog. The nearer it is to the centre the later it 
stands in the genetic series. Measurement of the thickness of the peat affords 
indirect confirmation of conclusions reached in this way. The extent of surface 
occupied is a measure of the relative duration of an association — the greater 
the area the more long-lived is an association on the whole. The means of 
propagation of the species must also be considered. 

The typical forest association is Picea excelsa- V accinium m/yrtillus-Hyfmmi 
schreberi with abundance of 7 . vitis^idaea. The transformation usually begins 
with the appearance of Polytrichum commune. Its dense tufts spread rapidly 
and stifle the other mosses and the flowering plants. A zone of Picea excelsa- 
Polyirichum commune, a few metres wide, commonly occurs in spruce forests 
which are beginning to be transformed into bog. Polytrichum commune retains 
moisture in its dense tufts and makes possible the establishment of the more 
hydrophilous Sphagnum girgensohni. The Picea excelsa-Polyirichum commune 
association gives way to the association Picea excelsa-Sphagnum girgensohni. 
Neither of these associations is long-lived. The appearance of Sphagnum 
rccwfwm P.B. and the beginning of peat formation is accompanied by the 
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rapid dying off of tKc spruce, wkicli does not regenerate. Bctulci dlhd becomes 
predominant, Sphagnum recurvumioTiixs tlie moss-carpet, and tlie forest species 
give way to bog species. This marks the establisliment of Transition bog proper. 

Tke associations of the Transition bog are disposed in concentric circles 
round the centre of tke bog (Fig. 1). On tke very edge of tlie mineral soil 
small islets of Betula alba-Cmex vesicariaSph. and Betula alha-Molinia merulea- 
Sph. are scattered. Tlie shallowness of the peat, wliick does not exceed a few 
centimetres, and the smallness of the areas of these associations, point to 
their short duration. 

Further towards the centre of the bog extend the associations Betula alba- 
Calla palustTis-^^h, and Betula alba-Calamagroslis laficeolata-^ph.. There may 
be from 15 to 40 cm. of peat under the last-named (Masslovo Bog, District of 
Bogorodsk, Gov. of Moscow), and this shows that the bog has already passed 
through decades or even centuries of development, while the considerable size 
of the areas indicates comparative stability. This association in fact exteifds 
almost everywhere along the wooded borders of the bogs. 

Next comes the association Betula alba-Blenycmthes tr foIiataS'ph. on still 
thicker peat, and then a wide belt of Betula alba-0 ar ex Iadova on peat 
up to 100 cm. and more in depth, extending over hundreds or thousands of 
square metres, indicating its relative longevity. This association in fact occupies 
more space than all the earlier ones (which tend to occur as islands in it) put 
together, so that we may conclude that its longevity is also greater than that 
of all the others together. In regard to the fate of B.a.-O.I.-Sph., see p, 189. 

Individual associations may of course be missing from any given suc- 
cessional series. 

Analysis by means of indicators confirms the conclusions drawn from the 
position of the associations. 

Mineral soil bog 

indicators indicators 

Betula alba-CalamagTostis lanceolataS^h, 5*29 1*80 

Betula alba-Garex lasioca7'pa-Hi)h, 2*41 S-94 

Not enough plots of the genetically earlier associations were examined to 
enable an indicator analysis to be made. 

The succession from pine forest to Sphagnum bog passes through a smaller 
number of stages than the succession from spruce forest (see Fig, 1). This is 
because the sandy soil on which the pine forest grows is poorer in mineral 
salts, so that the last stage can be reached more rapidly. Very often the 
development begins with the development of a sphagnum carpet with Oarex 
lasiocarpa in the pine forest itself (P.s.-Oi.-Sph.). Then comes Pinm dlvestris- 
Ledum palustre-Oassandra calymlata-^ph, or Finns silvestris-Eriophorum vagi- 
natum-8-ph, (Fig. 1). Sometimes the succession is still shorter, the pine forest 
passing directly into a bog, oftenest into (The Birch- 

Oalamagfostis-Hpk, stage does not occur.) 
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When treeless meadow develops into bog the association Carex rosPmta- 
Sph. appears. This cannot be dealt with here. 

4. INFLUENCE OE CULTURE ON THE VEGETATION , OE SPHAGNUM ' 
AND TRANSITION BOGS 

Dbainage. 

If the drainage is very complete the bog vegetation disappears altogether 
and the peat becomes inhabited by a varied ruderal flora {Eumex acetosella, 
EfiloMum angustifolium, etc.). With moderate drainage the bog plants survive 
but different species show varying degrees of resistance. Vacdnium uliginosum 
is more resistant than most, so that in moderately drained P.^.-i.p.-C.c.-Sph. 



Fig. 5. Transformations of associations of the Sphagnum hog in nature and as a result of artificial 
interference. 


The central horizontal ro\v of five circles represents the changes of the associations of 
the central bog complex, which may proceed in either direction, from more xerophytic (left) 
to more hydrophytic (right) or vice versa (see p. 192), The upper circles represent the 
associations which are formed after the dying off of Sphagna in the hollows, bringing about 
the levelling of the uneven microreiief. The lowest horizontal row represents the changes in 
vegetation brought about by fires, drainage and peat extraction, 

it often predominates (Fig. 5), tbougb playing an altogetber subordinate part 
in tbe untouebed association. I have observed thousands of square metres of 
luxuriant F. uliginosum during the first stages of draining, and even on com- 
pletely drained bogs where peat is being dug the species occurs in large groups. 

Erio'phorum vaginatum does not bear drainage so well, though it occurs 
almost pure along the sides of sufficiently damp turbaries. When the plants 
are in fruit such places can be picked out from a distance by their dazzling 
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wMte colour. The hydrophilous Carex limosa, Rhynchos'pora alba and Scheuch- 
zeria palustris disappear first on drainage; also the Sphagna, 8 . medium 
holding out longer than S, recurvum. 

Extraction of Peat (see Fig. 5). 

The vegetation of turbaries depends on (1) the type of bog, (2) the thickness 
of the untouched peat, (3) the depth of water in the turbary, (4) the age of the 
turbary. 

The colonisation of Sphagnum bog turbaries which are constantly inun- 
dated proceeds as follows. The pioneers are the floating Sphagna (most often 
8. cusfidatum) or the genus or subgenus Drepanocladiis (Harpidium), most 
often Hypnum (Drepanocladus) flmtans. At first the separate moss plants 
grow horizontally, but gradually, as they multiply and exercise lateral pressure 
upon one another, they become vertical and the dense mass forms a platform 
on which Eriopliorum mginatum can establish itself. This species colonises 
easily by its flying seeds always ripening in abundance, and is scattered from 
the peat heaps left by the extracting engines. On turbaries thirty years old 
the tufts of Eriopliomm are usually in lateral contact, but with their bases 
separated by a quagmire covered by Sphagnum which hides the surface of the 
water (Fig. 5). Carex limosa is absent from this habitat which seems most 
suitable for it. The explanation is that this species disappears from the bog as 
soon as drainage begins and its seeds are too heavy to travel any distance. 

On the turbaries which are not inundated forest of Beiula alba develops 
with a ground vegetation of various marsh-loving species. 

The colonising vegetation depends also on the proportion of mineral salts 
in the water and on its reaction. Poverty in mineral salts and an acid reaetioii 
are favourable to the development of Sphagnum bog plants. The inundated 
turbaries of Transition bogs, especially those with a mineral bottom, are 
colonised by aquatic plants, most often Hydrocharis m.(jrsm-Tanae, Lemna 
trisulca, Nymphaea Candida, more rarely StTatiotes (doides. If the water is not 
too deep there appears, after the aquatic species or sometimes with them, an 
association of Eqidsetum heleockaris. The stems oi plant form a dense 
growth above water, while its rhizomes, intertwining below, give the bog 
plants a substratum on which they can fix themselves. Very often tlie colonisa- 
tion by Equisetum is accompanied by the spreading of a moss carj)et over the 
surface of the water, most often formed by Hypnum adimcwm Hedw.-^ and 
Sphagnum, teres Angstr. Thus we have the two associations: Equisetum heleo- 
charis-Sph, (Bystroe marsh, district of Bogorodsk, Uov. of Moscow) and 
Equisetum /2efeoc72^tri6‘-Hypnaceae (turbaries near Bisserov, district of Bogo- 
rodsk). In deeper and more peaty basins Typha latifoUa takes the place of 
Equisetum heleocharis. 

The ultimate fate of these aquatic associations is passage into the typical 
1 Kindly determined by Dr H. Paul, of Municii. 
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associations of tlie Transition bog, Carex rostrataSph. and Carex lasiocarpa- 
Spb. In tlie Bystroe marsh, where a little river has been absorbed by the 
bog, a picture of the succession of Equisetum heleocharis to Carex lasiocarpa 
can be observed. At the same time the floating Sphagnum covering thickens. 
In the middle of the former river-bed there is a dark green belt of Equisetum 
heleocharis growing on a carpet of Sphagnum teres. Nearer the banks the 
vegetation is lighter green due to Carex lasiocarpa and the carpet of Sphag- 
naceae is denser. One can easily walk across the bog on the floating Sphagnum 
carpet: only here and there are spaces of open water covered by aquatic 
plants and surrounded by Equisetum heleocharis. The succession is : 


Nuphar luteuni 
Potamoffaton natans- 


j Equisetum lieleoclians— > 


Equisetum heleocliaris- 
Spliagnum 


Carex lasiocarpa- 
Sphagnum 


In the turbaries near the village of Bisserovo the succession is as follows : 

Hydrocharis morsus-ranae— > J Equisetum lieleo- j Equisetum heleocharis - } _ j Carex rostrata- 
Nymphaea Candida — > \ cliaris -> { Hypnaceae ( ^ \ Hypnaceae 

The colonisation of the deeper turbaries of the Transition bogs with a 
layer of peat at the bottom, is simpler. The large quantity of salts in the water 
evidently prevents the development of aquatic plants and of Equisetum 
heleocharis, which is also hindered by the great depth of the water. Turbaries 
of this type are generally colonised from the sides by floating Sphagna, upon 
which grows Carex rostrata, and this C.r.-Sph. association covers hundreds of 
square metres, its development being made possible by the chemical content 
of the water. 

Effect of Piees (see Fig. 5). 

Fires are very common on Sphagnum bogs. Their effect depends upon 
their intensity. A great fire destroys all the vegetation and may even level 
the surface of a hillocky peat bog. The burn is invaded by various plants 
from other habitats, very often by mosses, principally Ceratodon purpureus 
(Fig. 5). The primordial vegetation re-establishes itself only very gradually. 

A moderate fire dries up the surface of the bog to a certain extent and 
reduces the top layer of peat to ashes. Since the peat is thus enriched by 
mineral salts the more exacting Betula alba takes the place of Pinus silvestris. 
In the herbaceous layer Eriophorum vaginatum develops luxuriantly. The 
Sphagna are replaced by Polytrichum strictum Banks, which is constantly seen 
on the tussocks of the Sphagnum bog, and after a fire develops in immense 
quantity and fruits abundantly. The mass of its capsules on a stretch of burnt 
bog can be seen from a distance by their red-brown colour. This association, 
B:a.-E,v.-Pol.str,, is widely spread on burns. Eriophorum vaginatum in great 
quantity is also seen on the burns of Transition bogs. 

Fires have a great influence on the life and development of the whole bog. 
Borders of bogs near villages are in general subject to continual fires. The 
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covering of Sphagnum almost totally disappears, the development of the bog 
ceases, and EriopJiomm vaginatum and Pohjiriclmm strictum permanently 
establish themselves. 
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INTRODUCTION 

As mentioned in Parti (11), during the late war (November 1916-October 
1917) a considerable portion of the older part of the pinewood at Oxshott 
Heath and Esher Common was felled. Since then recolonisation has been 
proceeding actively making it in many respects the most interesting part of 
the Common. Our first visit being in October 1920, the account is in some 
ways incomplete, but we have been enabled to add to it by the kindness of 
people who had visited the Common in the interim. In addition the extensive 
fires in 1921 rendered nugatory much of the colonisation prior to that date; 
thus the process was delayed and we were able, so to speak, to gain time. 
Although the succession on the felled area has reached only a comparatively 
early stage, yet we feel that the position is of sufficient interest and affords 
enough material to justify description now. It was hoped to follow the 
progress of recolonisation and to publish further accounts at such future 
times as might seem proper, but unfortunately the authorities have now 
decided to replant the area at an early date so that it will not be possible to 
complete our observations. Indeed a small area was planted with pines during 
the spring of 1925, but the interference with the natural course of events has 
not yet been very considerable. In spite of this sudden termination to the 
work it still seems of value to publish the observations, etc., already made, 
and we hope that we may be able to follow the later phases elsewhere. 

Much of the earlier work embodied in this account was done in conjunction 
with the late Mr L. W. Cole whose many helpful suggestions and indefatigable 
industry have contributed greatly to the completion of the work. Mr Paul 
Richards has been studying the Bryophytes and Lichens of the commons 
during the past two years, and has kindly supplied us with much information 
with respect to the ecology of these groups. We should also like to express 
our thanks to Messrs Somerville Hastings, W. J. Lucas and R. Paulson for 
information about the condition of the Common prior to felling and from that 
time until 1920; to Mr R. E. Hxmter for help in some of the surveying; and to 
the British Rainfall Organisation for the rainfall data given. 

An examination of the map in Fart I (11, p. 289) will show" that the felled 
area occupies the northern half of the Common, including the whole of the 
North Ridge and the northern and central valleys. It forms a continuous 
stretch with the exception of the large isolated ciroular felled region ('Mnuer 
Circle’’) just north of Sandy Lane which is separated from the main felled 
area by a narrow strip of pines. To the east, just north of Copsen Earm, the 
felled region adjoins the original heathland of Round Hill and vicinity; 
elsewhere it is bordered by woodland or wooded parkland. 

The pinewood in the felled part was considerably older (60-90 years of 
age) at the time of felling than the part now standing, this being probably 
the explanation of the partial felling. The felling was somewhat irregular, as 
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oan be seen from tlie map (see Part I), for while the older trees were generally 
completely removed yet clumps of trees, marginal strips and isolated specimens 
were left in places. The conditions in the pinewood before felling are un- 
fortunately unknown to us personally, but from verbal accounts the wood 
generally resembled the part still standing. The higher parts had no ground 
vegetation at all in most places. On much of the damper ground stunted 
tufts of Molinia had survived since the pine colonisation some 60 to 70 years 
previously. There were bog areas along the valley crossing the '‘^neck” north 
of Sandy Lane, just north of the Great Plantation and around Black Pond, 
there being a well-developed Juncetum at the eastern end of the latter. The 
most striking change since felling has been the great extension of the wet-type 
communities. It was the conversion of a dry woodland into bog communities 
subsequent to felling that first drew our attention to the region. 

A detailed survey of the vegetation of the Common was made on a scale 
of 12 ins. to 1 mile in the early part of 1921 and the results are given on the 
accompanying maps (Figs. 1 and 2). On the map the outlines of all the 
principal communities are traced and the state of colonisation of the felled 
areas at that time can be easily seen. 

The mode of representation of the vegetation follows in all but a few details 
the scheme outlined by Salisbury in this Journal, 8, No. 1, 1920, pp. 60-61. 
This scheme has been found quite satisfactory, the basis and species symbols 
being employed with certain modifications. Two new species symbols have 
been introduced for Castanea saliva and Epilobium angustifoliiim respectively. 
The area to be mapped here, however, is in a state of rapid succession so that 
it was necessary to introduce a few new types of representation. Such for 
instance is the method of representing the invasion of a Molinietum by birch 
scrub: another example is the variable spacing of the species symbols to 
denote different degrees of openness in the plant covering. The point at which 
a moorland community with scrub is converted cartographically into scrub 
with the woodland basis symbol is naturally arbitrary but corresponds 
roughly with a continuous scrub 6 ft. in height. Birch Heath’’ is used on 
this map to denote heathy parts with young birches dominant or co-dominant 
and not for places where the birches are full-grown, which are included in 
Mixed Wood” (see Part I). It was decided also to put in Grass Heath” 
under the grassland basis symbol rather than class it as a type of heath. 

It may also be mentioned that the distances between the basis symbol 
lines were originally just over 0*2 inch (5 mm.), this being found convenient 
since it gives ample room in which to draw the species symbols. 

1. COMMUNITIES ARISING AFTER FELLING 

The communities resulting from recolonisation can be divided into two 
series, viz. Dry Series and Damp Series. These two are not always clearly 
separable, there being quite wide transitional zones in places in which the 
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dominants of tlie two series are in competition, and whicli in other respects 

show special features. 

A. Dry Series. 

These are communities developing on the higher and drier parts^ of the 
felled areas where water does not lie at all during the winter. From i ig. 1 it 
can be seen that the dry areas form a continuous zone across the centre of the 
felled region. On felling a large region almost bare of vegetation was produced 
and on this area, owing to its exposed position, especially along the North 
Ridge, the surface soil rapidly dried out. On the crest itself the wmd soon 
removed the needle covering, but on the lower slopes this was retained and 
exerted a very important influence on the developing vegetation. This acid 
litter and peat is very unfavourable for plant life as the surface dries out 
almost completely in dry weather, with the result that colonisation was very 
slow until the surface layer became decomposed more completely. At this 
point, however, another adverse factor came into play, namely, the formation 
of surface scale.’’ Farrow ( 4 , p. 149) has noticed the unfavourable effect of 
surface scale on colonisation. At Oxshott a thin layer (half an inch — l*2o cm.) 
of semi-decomposed pine litter tends to dry up and shear away from the soil 
beneath in dry weather, particularly around pine stumps. Any seeds falling 
on this area and germinating after rain would find themselves cut off fiom 
below with a considerable crack to traverse and would die of drought if diy 
weather supervened. It was observed in 1923 that more Culhinci seedlings 
appeared where no ''scale” existed or where the surface was almost pure sand. 
Where seedlings vrere found in '■'scale” areas they were almost iiivaiiablj 
associated wuth the vertical cracks in the surface layer. That the actual 
nature of the peat at this stage was not inhibitive per se was shown by the 
fact that in places many Calluna seedlings occurred where the surface was 
pure powdery peat. As a result of these various factors colonisation vas 
postponed in many places until the peat layer was almost eomj>letely denuded. 
The delaying effect of the imdecomposed humus-layer is still w^ell shown on 
some of the lower ridges where a combination of good drainage and com- 
parative protection from wind has prevented the rapid removal of the 
peat, 

(I) The Pioneer Phase. 

A number of pioneer communities have been developing on the dry areas 
since the felling, most of them being dominated by a single species. ^ The 
following plants have formed such communities in varying degrees: Pteridium 
aquilimim, Calluna vulgaris, Efihbium angustifolmm and Betula spp. (B. alba 
and B. 'pubescens). These species did not all start equal in the competition 
for the new ground: Pteridium was already present as communities in the 
pinewood, Calluna> occurred as isolated individuals in the body of the wood 
or as larger patches in openings, while both Betula and EpUobium have had 
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to ' migrate from outside. These differences have played a large part in 
determining the course of recolonisation. 

After felling the first development of the plants in the drier regions was 
the recovery of Pteridium and isolated Ericaceous shrubs. The degree to 
which the latter had survived in the older pinewood is not known, but in 
view of the greater age of this part of the wood compared with the existing 
part it seems likely that they had done so in very favourable spots only. 
There are however several places where the pines had apparently never reached 
any great size, and there heath vegetation persisted. 


{a) Pteridium aquilinum consocibs. 

Pteridium,, which spreads by rhizome growth only in these dry regions, 
forms communities very similar to those described in Part L The districts 
covered by Pteridium at present are in all probability the same as those 
occupied in the original wood, although increase in area has taken place. As 
far as we are aware, no new Pteridium communities have originated in the 
dry regions since 1920. Sharp edges to the bracken communities such as 
described for Breckland (2, p. 223) have been noticed, and are well marked 
where the Pteridium is advancing over almost bare, fairly uniform slopes or 
flats. Except against one plant Pteridium, has had little opportunity of making 
use of its well-known power of competition, owing to lack of organised com- 
petitors. The exception is Efilobium angustifolium which quite early had 
covered extensive stretches of groxind on the northern ridge. Here it is being 
invaded by Pteridium, the border line between the two communities being 
sharply defined. On examining the Pteridium numerous plants of Efilobium- 
were found among it. Owing to its great height Efilobium is not so easily 
ousted by Pteridium by shade effect as other plants are. The flowering stems 
grow above the bracken and are thus in open daylight, but the shorter sterile 
stems and all the stems in the earlier stages are badly affected by the shading 
of the bracken. Although Efilobium, sprouts before Pteridium, the latter soon 
overtakes it so that until the Efilobium shoots push through the curtain of 
fronds, they are in considerable shade. It is probable, however, that the 
reduction in nitrification correlated with the increase in acidity of the soil 
under Pteridium has a greater effect than the shading. Efilobium is a '‘nitrate- 
loving” plant (7, resume, p. xliii), the luxuriance of its growth being more or 
less directly related to the nitrifying power of the soil, and estimations have 
shown that nitrification is less active under Pteridium than among the 
Efilobium outside the bracken community. Thus the willow herb will be 
gradually replaced by the bracken. This process is being followed in greater 
detail by means of selected quadrats. 

Apart from Efilobium the Pteridium communities are remarkably pure, 
especially in the older parts where the action of the fronds has been continuous 
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over a longer period, except for young birdies of all sizes which are to be 
found growing among the bracken. 

Only a small portion of the higher ground is occupied by Pteriiium, the 
remainder being the scene of struggles between other plants. We would 
wish to emphasise that all the dominant plants and most of the others as 
well are able directly to colonise the bare ground. It is first necessary that the 
pine litter should be partially decomposed by soil fungi and bacteria before 
the higher plants can obtain a foothold, but lower plants other than these 
play no necessary role as prime colonisers. 

(6) Calluna vulgaris consocies. 

The coloniser far excellence of the dry regions of the felled area is, as might 
be expected, the heather, Calluna vulgaris. Since the original Gallunetum is 
on the far side of the unfelled pinewood very little help has come from that 
source; this explains the tardiness of the spread of Calhmn at first. It was 
not until the surviving plants in the larger openings in the wood, or perhaps 
in the body of the wood itself, had recovered sufficiently to flower and produce 
the seed necessary for colonisation that any rapid spread took place: also it 
is probable that the pine-needle covering was at first not sufficiently de- 
composed. At present there are many plants which produce prodigious 
quantities of seed. The heather grows very quickly on such soil and is rapidly 
producing a continuous, if low, carpet of vegetation. The favourable con- 
ditions for growth are well exemplified in the very profuse flowering which 
in its turn produces more seed and fresh plants. The two photographs 
(Plate II, figs. 1 and 2) show the same view taken in 1922 and 1925 re- 
spectively. 

Although in many places the new Gallunetum is thick and from 9-12 ins. 
high, there is as yet little of the ground vegetation found in it elsewhere 
(cf. Part I). The mosses Gam-fylofus flexuosiis, Webera mitans, Polgtrichtm 
juniferinnm and P.formosum are present in very small quantity under the 
heather: contmued search failed to discover either lljipnum ciipressij'ornie var. 
ericetorum or Dicranum scoparium, which are so frequent in the mature 
Calluneta. The first named is doubtless handicapped by its rare fruiting 
whereas Polytrichum fruits regularly so that the spores soon reach the newly 
covered areas. There are a number of localities on the felled areas where the 
presence of small pine trees up to 20 ft. in height and the absence of large 
stumps indicate the former presence of an opening in the mature wood. Here 
the typical Gallunetum mosses mentioned above are found although in rather 
small quantity. Other relict plants found on these areas include Lecidca 
granulosa, Hypnim schreberi, Gladonia furcata*, C. sylvatica, C. imcmlis, C. 
pyxidafa, C. fimhriata and var. radiaia, and C. eoccifera*. Those marked with 
an asterisk do not occur in the pine openings, but are ordinary Gallunetum 
species. Very few of the above are found in the young Calluna consocies. 
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922 showing invasion of Callima consocies. Small birches 
can just be detected here and there. 


The same area as that shown in Fig. i, taken from the same spot in 1925, showing 
increase of CalluJia and great height growth of the birches. 
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Observations seem to show that Dicranum and Hy^num are spreading into 
the Oalluna consocies from these relict areas. 

An interesting feature in the embryonic Calluneta is the frequency of 
Erica cinerea (cf. 5, pp. 156-163), this plant being much favoured by the 
comparative lack of competition and growing very well. Its prevalence is 
also probably due to its greater abundance in the mature pinewood, as 
described in Part I. In the more closed areas Erica is less common. From this 
and other observations it seems that the explanation of the distribution of 
Erica cinerea in heath communities must be sought in its relation to Oalluna 
and not in terms of habitat factors directly. It is apparent that Erica is 
always dominated by Oalluna under normal heath conditions, in all probability 
owing to the latter’s taller growth, but that when the conditions become 
abnormal Oalluna is often affected more than Erica; in these cases Erica 
becomes more abundant. Such abnormal conditions are reduction of light, 
eating by rabbits, disturbance of soil, drying out of soil, burning of heath, etc., 
and it can be seen that these may have an equivalent effect in that they affect 
Oalluna more adversely than they do Erica. Most of them are certainly 
unfavourable for Erica itself. This question is being investigated more 
fully. 

On the ridge, which is much more exposed and has much less soil, both 
Oalluna Midi. Erica are less common than elsewhere. The former is gradually 
creeping up the southern slope and should eventually dominate the ridge, but 
at present (1925) Efilobium is the most abundant plant there. Erica cinerea 
is, however, locally abundant on certain rather dry gravelly slopes, where it 
forms a low interrupted sward and flowers profusely. 

(c) EpILOBIUM ANGU8TIFOLIUM CONSOCIES. 

One of the most interesting of the phanerogams is Epilohium angustifolium, 
since it is practically absent from the original heathland. This species was 
first recorded by Mr W. J. Lucas on the felled area in 1918 and apparently 
was absent previously since it is too conspicuous a plant to be overlooked. 
Epilohium is particularly well adapted for colonising newly-bared areas since 
it produces an abundance of seeds which are carried long distances by wind. 
In addition it has extensive branched roots usually producing a number of 
adventitious aerial shoots. The latter grow very closely together, and are 
very tall, thus being able to shade over and crowd out other plants. Our 
germination experiments show that usually the seeds are not able to germinate 
in acid raw humus, but if this is removed the plant soon establishes itself. 

Until 1921 the higher ground was covered with a thick (1-3 ins. = 2*5- 
7*5 cm. deep) layer of partially decomposed pine-litter except at the summit 
of the ridge. Here the organic covering was blown away at an early date, 
leaving the underlying gravel, and this was rapidly colonised by Epilohium. 
In some places the effect of exposure has been so much as to remove some of 
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the surface soil, the pine roots being totally exposed, but the Eptlobium has 

maintained itself and is still very abundant. ^ ^ ^ • i i t j. j 

It has been shown (7) that the presence of Efilobfum is closely related 
to the capabUity of the soil to produce nitrates and that nitrates are stored 
up in the organs of the plant, especially in the younger stages; Hesselman 
terms Efilobium a “nitratophilous” plant. In coniferous woods with a raw 
humus layer on the ground nitrification does not take place, but on disturbing 
the -ground or removing the humus nitrification is initiated. Such conditions 
are paralleled here, the general distribution of Efilobium being easily explained 
on this basis. Soil which has been burnt always nitrifies actively for some 
time afterwards, and Hesselman ( 8 , resumd, pp. ci-cv) records Eyaobumi 
from all such places after fires. In 1921 fires burnt away the peat com- 
pletely in many places, thus enabling Efilobium to colonise areas where 
otherwise it would not have succeeded. These fires will be dealt with more 

fully later. ■ • 4. • i u 

The best growth of Efilobium on non-burnt areas is seen in certain Hollows 

on the northern ridge. A considerable amount of gravel has been removed 
producing a large depression— named by us the “ Great Hollow and described 
fully later on— with a number of subsidiary holes in its proximity. The sides 
of these pits are very steep and unstable, fragments being carried down 
continually from above. They may be as much as 10 ft. in depth. Hesselman 
(Tj PP- 370-373) has described the occurrence of Efilobium m gravel pits in 
Sweden and has shown that even in quite bare mineral soils nitrification 
proceeds actively but is increased if humus be mixed with the gravel, etc., 
such conditions are almost exactly reproduced in these hollows. Estimations 
of the power of nitrification of soil by the phenol-sulphonic acid method were 
made in one spot at the base of a slope. On testing after allowing the moist 
soil to stand for 25 days the soil contained 133-5 mgm. NO3 per litre of soil. 
In such places Efilobium grows very luxuriantly, some of the shoots being 
over 6 ft. in height, and completely crowds out any other plants which may 
be present at first. It is a curious fact that in the more open parts also 
Efilobium always grows preferably in slight depressions, so that in some 
places where the ground is regularly ridged there are long parallel rows of 
plants in the grooves with quite bare ground between them, feoil samples 
collected from the ridges and hollows were stored for 31 days and the nitrifying 
power of the soil estimated. The soil on the ridges consisting of sand with a 
slight admixture of humus gave 0-95 mgm. NO3 per litre of soil, while the 
soil from the hollows, which was a black mild humus with birch leaves, etc., 
gave 53-76 mgm. NO3 per litre of soil during the same period. This shows that 
in the hollow's the soil is a much more favourable medium for nitrification than 
on the ridges and in view of Hesselman’s work this seems to be the explanation 
of the distribution of Efilobium in this region. Nitrification estimations in 
other places, however, do not always show such clear differences and no 
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doubt other factors enter into the problem. This is being followed up in 
greater detail. 

The consocies differs from the others mentioned in its much 

shorter life, as the plant rarely maintains itself for very long in any given 
place. This is especially so of places where burning has taken place (see later) 
and is no doubt due in such cases to the re-establishment of the original 
unfavourable conditions when certain effects of the fire have disappeared. 
In the areas dealt with now which are unburnt the life of the consocies is 
longer and perhaps in places may be indefinitely prolonged, such places being, 
for example, on steep banks where fresh soil is continually being exposed. 

{d) Associes of Bbtula alba and B. pubescens. 

There are two other plants, besides those already dealt with, which form 
communities on the drier areas, viz. the two birches named above. Of these 
B. alba is decidedly the commoner on the dry areas; indeed B. imbescem is a 
rather rare plant there. This agrees with conditions in Epping Forest where 
Mr Paulson tells us that B. alba is more frequent on the higher and drier 
ground. There seems no reason for supposing that B. fubescens cannot grow 
well on dry areas since quite well-developed specimens, as healthy as any of 
those of B. alba, occur on the top of the North Ridge. Apparently it is in the 
seedling stage that the solution of the problem lies, plenty of seed of B, 
f ubescens being available all over the heath. Unfortunately some germination 
experiments carried out in 1925 on the terrain in order to clear up this point 
were vitiated by the unseasonable drought in May and June of that year, 
and we have had no time to repeat the experiment. With respect to other 
factors we have few indications at present. Dr Salisbury suggests that 
B, f ubescens grows better under more acid conditions than B. alba, but we 
can find nothing to support this at Oxshott, indeed the superficial roots of 
R. alba grow in a more acid medium in the dry Calluna consocies than do 
those of B. fubescens in the wet Molinia consocies. Mr Tansley’s experience 
is that they grow equally well in very acid conditions, but that B, alba grows 
much better than B. pubescens under neutral or somewhat basic conditions, 
but of course we have no information bearing on that here since the lowest 
acidities obtained are pH 6-9. 

Hybrids are very frequent at Oxshott and serve to increase the difficulty 
of efl-ectively tackling the above problems; they occur occasionally on the 
dry areas. 

As will be seen later, Betula colonises the damper areas more readily than 
the dry ones where in most places the trees are scattered at intervals of 10- 
50 yds. from one another. In spite of this there are several places where the 
birches are dominant or at least abundant. One such area is to be found 
N. and N.E. of Black Pond (Fig. 1). Here the ground is almost bare except 
for many young birches which are about 4-6 years old and up to 10 ft. (3 m.) 

14—2 


Studies on the Ecology of English Heaths 



in height, forming a somewhat dense scrub. These birches must have colonised 
the bLe ground here coincidently with the Callunn elsewhere: they are thus 

true pioHBer colonisers. . _ ^ 

The chief plant to be found between the young trees is CaUuna vulgmis^ 
which is scattered about at intervals of several yards or more. On the typical 
developing Calhma consocies it is noticeable that attack by rabbits of whici 
there are a number on this part, is of little importance although there is 
ample room for penetration between the individual plaute _{3, p. 61). It 
only at the edges of the Calliim zones that the effect of rabbit attack is at all 
evident It seems that there are more Calhma bushes than can possibly be 
bitten to injure them appreciably; in fact in these areas young 
Molinia and Qarex filulifera seem to be the rabbits brat choices This is not 
the case in the birch area described above. Here the amount of food is 
strictly limited, the Betula being too old, with the result that almost every 
heather bush is nibbled down to a compact circular cushion, flowermg being 
almost entirely suppressed. In one or two places wliere the mm is i a ati 
thicker it was not eaten so much and was flowering freely. Ihe isolation of 
the bushes is therefore a distinctly unfavourable^ condition and the lack of 
seed production probably explains the slow colonisatmn of this region. It is 
interesting to note that isolated Erica dnerea bushes in the same region were 
practically untouched and flowering profusely. E. dnerea is eaten m other 
places on the Common, but apparently is not so much appreciated as Calhma ; 
in this region there is presumably enough of the more palatable CaUuna to 
satisfy the relatively few rabbits preseut. 

The reason for the occurrence of “pioneer” birch scrub in this area is 
probably the close proximity of many, mature trees of Beltila alba and the 
consequent availability of enormous masses of seed. In most other places 
where the dry areas are at all near mature trees these are actually themselves 
in wet areas and are predominantly B. pubescens, which species, as mentioned 
above, only establishes infrequently on the drier regions. There seems to be 
little difference in the state of decomposition of the pine humus here and 

elsewhere. General Observations. 

Scattered over the drier area and found in all the developing communities 
there, with the exception of those of Pteridium, are the following plants: 


Aira praecox 
Betula spp. (seedlings) 

Carex piiulifera 

Cuscuta epithymnm (on CaUuna, 
TJlex nanus and Erica cinerea) 
Deschampsia fiexuosa 
Erica tetralix 

Fagus ailvatica (seedlings) on ridge 
Juncus sq^uarrosus 


Molinia caerulea 
Omithopus perpusilius 
Pinus silvestris (seedlings) 
Rubus spp. 

Senecio silvaticus 
Trifolium, repens 
Ulex eiiropaeus (seedlings) 
U. nanuvs 


Jn addition there are several plants usually associated with excavation 
heaps and rabbit burrows only. 
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Anagallis arvensis Polygonum persicaria 

Cerastium vulgatimi Soianum nigrum 

Cirsium arveuse Bonclius oleraceus 

Poa annua 

The Common was used a little for military purposes during the war, and 
these plants were probably introduced then or during the felling; one or two 
{Cerastium and Sonchus) are commonly found on other parts of the heath 
and are, no doubt, constant immigrants from outside. 

Among the plants of the first list there are some which offer points of 
interest. Erica tetralix and Molinia are found almost exclusively in the zones 
bordering on the wet series of communities. The latter in particular seems 
to be extending its range rapidly upwards on the higher ground. Isolated 
tussocks far from the main body of Molinia are thriving and have produced 
inflorescences up to 3 ft. in height during the past three summers. In these 
cases however the tussocks were growing apart from Calluna, Molinia probably 
not being able to compete successfully with in these dry districts. 

As mentioned above, Molinia, when growing isolated, also suffers from the 
attack of rabbits. On quite dry ridges small Molinia tussocks are found bitten 
right to the ground and this is, no doubt, a potent factor in preventing the 
spread of Molinia above a certain contour. 

Ulex nanus has appeared, chiefly in the Calluna areas, where it is growing 
well in many places, producing upright and oblique shoots and flowering. 
In the shelter of birches it forms large bushes about 3 ft. high. In the barer 
parts it is early attacked by rabbits which keep on nibbling away the soft 
young shoots and thus keep it in close cushions. Fritsch and Salisbury 
(6, p. 135) note the rarity of establishment of seedlings at Hindhead and this 
corresponds with the slow spread at Oxshott since all the plants. must have 
come from seed. Z7. europaeus seedlings are growing in several spots in the 
bare areas especially near Sound Hill where the plant is common on original 
heathland. 

Cuscula occurred very abundantly both in 1922 and 1923, but less fre- 
quently in 1924 on the young Calluna bushes. It was also seen on Erica 
cinerea and XJlex nanus. In 1922 it did a considerable amount of damage to 
the bushes, but in 1923 the attack was not so severe. Although cases have been 
noted in which plants have died after an attack by yet generally the 

damage is not so great and is usually limited to a complete or partial prevention 
of growth in size. Some plants seem to be attacked more or less regularly 
every year, others only occasionally. 

Senecio silvaticus is a very characteristic plant of the partly bare regions 
where it often occurs in large clumps. It seems to prefer those places where 
the humus covering is thinner or absent, such as the vicinity of rabbit burrows. 
Apparently it is a ''nitratophilous” plant like Epilobium angust/ifolimn 
(7, resume, p. xliii) and only occurs where nitrification is active in the soil. 
Its occurrence at Oxshott in similar places to those occupied by Epilobium is 
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therefore easily explained. It was first recorded in 1918 and lias spread very 
considerably between 1922 and 1923, doubtless owing to its efficient means 
of dispersal. On the ridge it is restricted to depressions, probably because 
the seeds are all blown into the hollows, since in some of its stations lower 
down it is almost as much exposed to desiccation in the seedling stage; the 
explanation may perhaps be similar to that given above for Efilobiuni, 
Senecio is mainly a biennial plant, many seedlings appearing in the autumn 
of the year previous to flowering, but it may also be an annual. This, together 
with its relatively short flowering period and its lack of means of vegetative 
spread, renders it a much less efficient coloniser than Epilobifnn. 

The species of Ruhis occur in the form of low bushes wliicli spread by 
means of creeping stolons in all directions. Several species are included in 
this category, but as no difference in procedure was noticed they are treated 
together. 

In order to test the effectiveness of these stolons as a means of colonisation 
measurements were made from a number of these bushes. It was found that 
in February and March 1923 most of the plants had at least one stolon rooted, 
although the majority of the stolons were not. The following are distances 
from the root of the main plaxit at which stolons were found rooting : 

Plant 1. 8 ft. 3 in. 

Plant 2. 8 ft. 8 in. (to N.E.), 8 ft. 7 in. (to S.), 6 ft. 6 in. (to S.), 6 ft. 0 in. 
(toN.W.). 

Plant 3. 9 ft. 5 in. (to W.), 7 ft. 6 in. two stolons (to N.). 

It must be remembered that the actual lengths of the stolons w^ere often 
greater as they do not always grow straight. In Plant 2 an unrooted stolon 
had reached the length of 14 ft. 5 in. (4*4 m.), while a young plant which had 
obviously originated from the older one was found 7 ft, 4 in. from the parent. 

The area of Plant 2 was re-examined in the spring of 1925 and it was 
found that the two bushes recorded in 1923 had been converted into a large 
nnmber of closely placed plants which are gradually matting together into 
a low tangle. The lengths of the stolons were again measured, the longest 
one found rooting being 10 ft. 10 in. (= 3*25 m.), while there were iion-rootiiig 
stolons up to 13 ft. 2 iu. in length. Both in 1923 and 1925 the majority of the 
stolons had rooted in heather bushes, although in 1925 a case was seen in 
which a stolon branched at the tip had rooted in several distinct places, all 
in the open, but one of them had actually forced its way between the bark and 
wood of a pine stump. However in most cases the stolons terminating in the 
open seemed incapable of rooting, possibly owing to animal attack or frost. 
The old stolons only maintain connection between j)are!it and offspring for 
three years at the most — they are dead the last year — and after that time it 
is difficult to decide from what source a young plant has been derived. 

It will be seen from the Plant 2 figures above that young plants may be 
produced in many directions at once: obviously Ridxis is quite capable of 
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increasing rapidly in favourable localities. Tbe seeds are presumably bird- 
dispersed in tbe first place; tlie species is thus being recruited continually 
from elsewhere. The plants themselves flowered and fruited in the summers 
of 1923 and 1924, and there is every reason for believing that many new ones 
have arisen by seed from the others nearby. It is noticeable here, as on the 
unfelled heath, that the bushes are commonest in the vicinity of rabbit 
burrows. This is doubtless due to the disturbance of the ground and removal 
of the unfavourable humus layer (cf. Part I, p. 294). 

Where all the humus has been removed on the ridge by wind a hard rock- 
like surface of sand is often left. This is almost impossible to colonise except 
by vegetative growth from more favourable centres on the part of plants like 
Efilohimn and Pteridviim; it is therefore almost completely bare. 

The following mosses occur on the drier felled areas, viz. Bryum argenteum, 
Funaria hygrometrica, Polytrichum juniferinum^ P. piliferum, P. formosum, 
Dieranum scoparium and Webera nutans, ISTone of these is at all common 
except on burnt ground. Under isolated birch trees or groups of trees thin 
carpets of the above mosses are sometimes found. On this moist substratum 
the large lichens Peltigera spuria and Gladonia pyxidata occur occasionally. 
The lichen Lecidea uUginosa occurs commonly on the peat in much of the 
drier region, especially in the Calluna zone. It is often the first coloniser in 
such places and seems to be an important factor in the production of surface 
‘'scale’’ owing to the binding action of the hyphae on the surface layer. 
Another lichen occurring in similar places, but by no means as commonly, 
is Cladonia uncialis; this however plays no part in the formation of surface 
scale. Lecidea granulosa also is found, rarely, in the Calluna consocies. 
Considered generally, the lower plants do not act as prime colonisers at 
Oxshott. 

(II) The Birch Phase. 

In addition to the pioneer communities of Betula described above there 
are seedlings and young trees of both species to be found everywhere, though 
never abundantly. These trees grow among the Calluna and Epilobium and 
more rarely in the Pteridietum. They are most frequent where the vegetation 
is sparser and do not seem to be able to invade the closed communities very 
easily. We may consider these to be the vanguard of the “Birch Heath” 
phase in the succession, but it is very difiScult to say to what extent this 
phase will become established on the dry areas. In a few places, especially 
among Epilobium, the birch has grown so compactly as to produce open 
scrub, and in one or two places in slight depressions small birch thickets are 
found. The best example of the Birch Phase is to be found in the Great Hollow, 
and for this reason among others we give a more detailed account of it. 

The Great Hollow, On the northern slope of the ridge is a large hollow 
which was probably first formed by digging for the gravel there. It dates 
from pre-pinewood times, as large pine stumps (90 years old) occur at its 
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bottom. Tbe depression is about 100 yds. (90 m.) long, is in some places 
20 ft. (6 m.) deep and has very precipitous sides except towards the north. 
The “Great Hollow,” as we have termed it, is interesting because it shows 
the effect of protection on the nature and rate of colonisation of the felled 
regions. It is probable, judging from the ages and spacing of the felled trees 
that there was no more vegetation originally in the hollow than elsewhere, 
but now there is a very striking difference, the vegetation being very rich and 
varied, while the slopes outside are much barer. 

The dominant vegetation consists of a scrub with large numbers of the 
two birches, Betula alba being much the commoner, and young trees of Pinus. 
In the spring (February) of 1923 the pines were mostly from 2 ft. 6 in. (76 cm.) 
to 4 ft. 6 in. (137 cm.) high, and were very close together in many places. 
The birches were rather taller, being .up to 8 ft. (2-64 m.) in height on the same 
date, but a number of the tallest birches had been felled in the summer of 1922 
so that really the birches were still further ahead. Where Pimis occurred in 
quantity Betula was not common. 

In view of the question of succession from Betula to Pinus some measuie- 
ments were made to see what were the annual increments in the lengths of 
the leading shoots of the two species and the percentage gains in a year. 
With Pinus, at the eastern end, the increments for 1922 were from 26-45 cm., 
an average percentage increase of 64' 7, and in the centre in rather sniallei 
trees the increments were 18-38 cm., an average of 40 per cent. Betula at the 
eastern end with increments of 60-115 cm., had an average increase of Tim 
per cent. These and the were of approximately equal ages (3-5 years). 

From the bases of the large birches felled in 1922 shoots of 166-193 cm. had 
developed. It can be seen that the growth of Belida is extraordinarily rapid, 
so that it will at first outstrip Pinus. This is in accordance with other accounts. 

In early 1925 the ascendancy of the birches was very marked, the largest 
being up to 12 ft. or about 4 m. in height, in places forming an almost im- 
penetrable thicket, but later in the year these were nearly all felled in con- 
nection with the replanting mentioned above. It was very noticeable how the 
social habit of the young pines completely prevented the gi'owth of the birch 
locally. 

Growing among the young trees and on the bottom of the Great Hollow' 
generally is a well-developed carpet of Galluna and Erica cinerea. Around 
the edges, especially where the slope is steep, Epilohium angustifohum 
flourishes while Pteridium is dominant in a few places. The following is a 
general list for the Hollow made in 1922: 


Betula alba (young) 

a.---LcL 

Q. sessj'Hflora (young) 

o. 

B. pubescens (young) 


Kiibus idaeus 

1 plant 

Castanea sativa (young) 

■ ■■ 0. ■ 

R. fruticosus agg. 

o. 

Fagus silvatioa (young) 


Salix cinerca 

r. 

.Finns silvestris (young) 

Ld. 

Sorbus aucuparia (young) 

r. 

Quercus cerris (young) 

r. 

XJiex europaeus and seedlings 

o. 

Q. robiir (young) 

» 0. 
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Calluna vulgaris 

f. — a. 

J. squarrosus 

r. 

Carex pilulifera 

f. 

Lotus uliginosus 

r. 

Deschampsia flexuosa 

o. 

Molinia caerulea 

r. 

Digitalis purpurea 

r. 

Ornithopus perpusillus 

r. 

Epilobiiim angustifolium 

l.a. 

Potentilla erecta 

r. 

Erica cinerea 

a. 

Pteridium aquilinum 

0 . — l.a. 

E. tetralix 

r. 

Riimex acetosella 

r. 

Galium saxatile 

r. 

Senecio jaeobaea 

r. 

Hieraciiim pilosella 

r. 

S. silvaticus 

r. 

H, umbellatum 

l.f. 

Veronica officinalis 

r. 

Juncus eSusus 

0. 




Most of the plants were present only in very small numbers, as is quite 
evident from the lists. This is probably due to the time factor: they have not 
had time to get there yet in quantity. The majority of the typical heath 
plants are included in the above list and it is doubtful whether the list will 
be enlarged much in the future especially as the pines are growing rapidly. 
At present (1925) the list is quite complete; in fact several of the above 
species cannot now be found in the Hollow. The wholesale destruction of 
Calluna bushes by the shade of the closely placed birches was a striking 
feature noticeable on felling. There are one or two deeper hollows where 
water lies during the winter; it is here that the damp-loving types are found. 
In a general way it may be considered that the Great Hollow probably 
represents a stage of colonisation which will not be reached on the other parts 
of the dry areas for some years to come and is in that connection of especial 
interest. 

(Ill) The Pine Phase. 

The above facts are particularly important in relation to the ‘'Pine phase’' 
which one would naturally expect to follow the “Birch phase," but in the 
Great Hollow the succession has been telescoped and the pines have appeared 
very early. In this area, in addition to the sheltered conditions in the Hollow, 
an important factor is the presence of a clump of unfelled pines just near. 
These have sown seed since 1917 and there are numerous young pines on the 
north slopes of the ridge around the clump. Also on the very crest young 
stunted fasciated pines are found, although there the conditions are not at 
all favourable for the establishment of Pinus^ the soil being bare and stony. 
Elsewhere on the dry areas young pines are very infrequent; it is probable 
that the critical point is at the development of the first foliage leaves or 
perhaps even earlier. In the course of some experiments in which pine Utter 
from the pinewood was placed on certain areas, a number of pine seeds 
germinated, but all the seedlings died away some time after the above- 
mentioned stage although at first they looked quite healthy. In most of the 
region in July, when Pinus germinates, the higher exposed ground is usually 
very dry and not favourable. Perhaps with the increase in the plant covering 
now taking place Pinus will find more advantageous conditions. The obser- 
vations given above, however, seem to show that the lack of seed supply is 
a very important and perhaps the deciding factor. 


218 



Studies on the Ecology of English Heaths 
(IV) General RemarJcs. 

Tlie sclieme of colonisation on tlie drier parts of tlie fellec 
therefore be represented as follows, the double lines indicatir 
important lines of development (see Fig. .3). What follows Epilobi 
be largely a matter of chance since apparently it is not capable c 
indefinitely in a region, but rather depends on colonisation of n^ 
its success. It is therefore replaced by various plants according 
circumstances. 

PiNEWOOD 


Calluna _ 
CorisoctES 


HEATH 


No CrUOUND 
VeCtETAT)ON 


E-pfLOBfUM^ 

CoNSOCtES 

.■PrERIDIUM. 

CoNSpcies 


Pter(d<um 

SociETr 


Cither Kaua accarrvd ov- is in {arogres^ 

> Pro fe able from observations elsewhere. 

Scheme of colonisation of the dry areas. Boiible linos indicate tlie more 
lines of succession both in this and in later diagrams. 


It is very interesting to note that young seedlings of Betula can establish 
themselves in Pteridietum of moderate thickness, a fact which had been 
suspected previously on the unfelled areas, but it is doubtful if colonisation 
of really luxuriant Pteridietum ever takes place. It is an important point 
that according to our observations the thickness of the bracken in a given 
place fluctuates, possibly due to the temporary accumulation of autotoxiiis 
and thus during the period of minimum thickness the birch may get established. 
Afterwards its very rapid growth enables it to compete with the Pleridium 
for light. 

Information as to some of the later stages of the above scheme is of course 
lacking, so we can only make suggestions as a result of observations on the 
original heathland and from other heaths. 

B. Damp Series. 

On the lower and wetter parts of the felled area the progress of rccolonisa- 
tion is quite different from that already described, the dominant plants here 
being Molinia, various species of Juncus {J, effusiis and J. eonglohiemtus in 
particular) and Betula spp. Partly owing to the greater water-content leading 
to more favourable conditions generally, and partly to tlie presence of Mali it ia 




in tke original pinewood, the colonisation has proceeded more rapidly and 
would be at a much more advanced stage still were it not for the disastrous 
fires of 1921. 

In the lower regions the soil is in many respects different from that on the 
higher parts. In all cases there was still a considerable peat layer on the 
surface and although much of this has been removed by the fires yet in no 
place has the humus been entirely blown away as on the ridge. Again, owing 
to the greater initial and subsequent water contents the pine-humus has 
decayed more rapidly than on the drier areas, giving place to less acid peat 
layers of Molinia, etc., while surface scale is entirely unknown. The almost 
continuous moist condition of the surface layers also allows of more effective 
germination and establishment. All over the relatively unburnt regions — 
scarcely any of the lower part of the heath was entirely untouched by the 
1921 fires — there is now a peaty layer one or more inches (over 2*5 cm.) in 
thickness while in places where there were bogs in the original pinewood the 
peat is somewhat thicker. The drainage in large areas of the low-lying parts 
has, since 1920 at least, been very defective in spite of the numerous drains 
cut, there being many large pools of water which are more or less permanent 
throughout the winter. 

Another point of interest which is of importance in its bearing on the later 
stages in the succession is the fact that the damp areas are peripheral to the 
felled region and thus in close contact with unfelled woodland around. As a 
result of this many more disseminules fall on the damper parts than on the 
dry ones. The total result of all the factors mentioned above is the much more 
rapid colonisation of the damp areas as already stated. 

(I) Primary Communities. 

There are no true pioneer communities on this part of the Common as the 
soil was already occupied by some sort of ground vegetation previous to 
felling. Molinia was present in a very stunted condition over most of the 
damper parts of the wood and on felling this rapidly sprouted anew, forming 
a coarse herbage in 1918. By 1920 the ilfoZima herbage had been transformed 
into a tall tussock grassland with innumerable inflorescences. 

Perhaps the most striking feature of the felled areas in early 1921 was the 
great stretches partially or wholly dominated by Molinia caerulea. This is 
evident from the map (Fig. 1). It is useful to note that the boundary of the 
Molinia consocies marks the upper limit of the damp type communities in 
practically all parts, corresponding usually to a definite contour on the 
terrain. However, where there are broad transitional regions the delimitation 
of damp and dry series is difficult. Unfortunately the fires in 1921 interfered 
greatly with the course of colonisation. In many places a quite new succession 
has been initiated following these fires; this will be dealt with later. Over a 
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exterminate the dominants, which have recovered again: probably the 
succession here, although delayed several years, is in the main not much 

altered. 

Tlie primary communities can be divided into several types wliicli are on 
the whole related to the drainage; other factors also enter the arena in places 
and cause modifications. In this 'Svater-content series/’ passing from the 
driest to the wettest, one finds (a) MoUnda consocies, (&) JloJdyda-Juneus 
ecotone, (c) Juncus associes. In addition to these are areas with 
sub-dominant on the site of old bogs in the pinewood and better considered 
as a relict community (t?). 

Immediately below the dry series or transitional communities (see below) 
Molinia occurs, with some Calhma and Erica tetralif, and then gradually 
Juncus appears more and more abundantly, until at the lowest levels almost 
pure communities of Juncus occupy the ground. 

At an early stage in the development of these communities seedlings of 
Betula appeared, but it was some time before the birch, phase was reached in 
most areas. This topic will be dealt with later, Xevertlieless isolated trees 
or small clumps were scattered throughout the dominant Molinia or Juncus. 

(a) Molinia coxsocies. 

In 1920-1922 this community covered large stretches in the centre of the 
lower parts of the Common, where the ground was most free from colonisation 
by the birch. Apart from the young trees the community was strikingly 
uniform in appearance, consisting of large tussocks growing close together 
and producing inflorescences up to 3 ft. 6 in. (1 in.) high. Around the pLne- 
stumps, where there was a thicker layer of organic material, there were often 
considerable bare spaces, but otherwise the vegetation was closed. The chief 
associates of the Molinia w%Te CaUima and Erica telralix, the latter being 
especially abundant locally, while Cla&raa was commoner neai'cr the upper 
edge of the community. Since 1920 these two species have increased greatly 
on the drier upper levels: this rather supports the suggestion made in Parti 
(11, p. 295) that piite Molinia communities are rarely found on such heaths, 
the mixed type of community being more frequent. It is probable, at any rate 
we know no example to the contrary, that permanent Molinieta do not exist 
on heaths in the low rainfall districts of England. Where the drainage is good 
the Molinia is replaced by other herbaceous or dwarf-shrub species, while on 
damper soils woodland is soon established* Molinia communities therefore 
only appear as a stage in succession after felling or perhaps burning. Juncus 
effusus is frequently found along lines of drainage and represents outliers of 
the wetter type communities. 

On the lower levels species of J^tmcuSy and damp-loving foiins in general, 
are much commoner, although Molima m still usually dominant. Water often 
lies about in pools during the wintex’, and soil anal 3 ^ses show that, allowing 
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for organic matter, the water-content is on the whole rather high even where 
spots are chosen away from large clumps of Juncus, In one place in this 
zone among almost pure Molinia the water-content two days after rain in 
March 1922 was 423 per cent, of the dry weight in the surface peat layer — 
this soil did not appear at all wet — and figures between 150 and 200 per cent, 
are not infrequent. In summer the area is drier, but the average water-content 
of the sub-peat layer is then about 25-30 per cent, of the dry weight. 

Subjoined is a general list of species for the Molinia consocies, made in 
June 1922, but it must be remembered that the fires of 1921 in all probability 
exterminated the rarer species. 


Young trees and shrubs. 


Betula alba 

0. — f. 

Sorbus aucuparia 

r. 

B. piibescens 

f. — a. 

Rhododendron sp. 

v.r. 

Castanea sativa 

0. 

Rubus friiticosus agg. 

0. 

Ilex aquiifolium 

v.r. 

Salix cinerea 

0. 

Pinus silvestris 

0. 

Ulex europaeus and seedlings 

r. — 0 . 

Populus alba 

r. 

Quercus robur 

0. — 


Dwarf shrubs and herbs. 


Agrostis alba . 

0. 

E. tetralix 

1- — ^l.a. 

Aiithoxantliuiu odoratum 

0. 

Eriophorum angustifolium 

r. 

Caliuna vulgaris 

o. — La. 

Holcus lanatus 

r.—l 

Carex binervis 

o.— 1.1 

Hypoohaeris radicata 

o. 

C. goodenowii 

0. 

Juncus acutiflorus 

r. 

C. Mrta 

r. 

J. bufonius 

0. 

C. murieata 

2:. 

J. conglomeratiis 

0. — f. 

C. pilulif era 

r. 

J. effusus 

r. — La. 

C. steliuiata 

r. 

J. squarrosus 

0. — ^f. 

G. vulpina 

r. 

J, supinus 

0. — f. 

Cirsium arvense 

: r. ' 

Lotus uliginosus 

r. — 0 . 

Cuscuta epitliymum (on Caliuna) 1. 

Luzula congesta 

0. 

Deschampsia fiexuosa 

r. 

L. multiflora 

o. — ^l.f. 

Drosera longifolia 

v.r. 

Molinia caerulea 

d. 

Eleoclxaris paiustris 

' r. ■ . ' . 

Potentilla erecta 

0.— 1.1 

Epilobiuin angustifolium 

\ . r. , . 

Pteridiiim aquilinum 

0. 

E. birsutum 

r. . 

Polygonum hydropiper 

r. 

E. montamim 

0. 

Rumex acetosa 

1. 

B. palustre 

o. 

R. crispus 

. ' r. 

E. tetragonum 

0,—t 

Scirpus caespitosus 

, r. 

Erica cinerea 

v.r, — r. 

Teucrium scorodonia 

' ■ ■ r. 


It will be noticed that most of the above species are far from common; 
indeed they rarely affect the uniform appearance of the Molinia, 

With the phanerogams in the Molinia consocies grow a number of bryo- 
phytes, some of which may be considered as relict from the pinewood, while 
others have probably come in since felling. None of them is very common 
although some can usually be found under the Molinia, etc. 

Catharinea undiiiata Leucobryum glaucum 

Ceratodon purpiireus Marcbantia polymorpba 

Dieranelia heteromalla Mnium homum 

Dicraniim scopariiim Pojytrichum commune 

Hypnum cupressiforme P. juniperimini 

*var. cricetoriim ^ W 

Lophocoiea cuspidata 
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Hf/'pnum ericetorum probably survived from tbe pine wood in tlie shelter 
oiHolinia: it will be remembered that it does not occur on the drier parts; 
it was probably killed after felling by exposure on the dry bare ground. 


(b) MoLINIA-JuNCUS T£,COTONE. 

This occupies a belt of varying width between the drier Molinia and the 
wetter J uncus, the two plants being usually in equal quantities: Juncus 
effusus and J. cofiglomeratus are the two most important rushes. The com- 
munity is typically developed where the water content of the soil is relatively 
high but the drainage is fairly good, as along the larger drains. The associated 
flora is intermediate between that of the MoUnia consocies and the Juncus 
associes, damp-loving species having higher frequencies than those given in 
the above list. There are also a few additional species, viz. Cirsiuni palustre, 
Hydrocotyle mdgaris, Viola palustris and ScuteUaria minor. 


The following is a list of the plants 

found in the Molinia- 

-Juncus ecotone, 

Agrostis alba 

a. 

J. effusus 

f. — c.d. 

Anthoxanthum odoratum 

o. 

Lotus uiiginosus 

f. 

Atliyrium iilix-foemina 

r. 

Luzula congesfca 

o. 

Cailuna vulgaris 

0. 

L, multiffora 

o. 

Cirsium palustre 

f. 

Molinia caeruiea 

a. — c.d. 

Daotylis glonierata 

r. 

Myosotis caespitosiis 

1 . 

Epilobiiim angustifolium 

r. 

Potentilia erecta 

f. 

E. palustre 

o. 

Ranunciuliis flanim ula 

r. 

Erica tetralix 

f. 

R. repens 

If. 

Hieraciiim umbeliatum 

r. 

Scabiosa suceisa 

o. 

Holous lanatus 

f.— La. 

Scrophularia aqiiatica 

r. 

Hypericu m pulch ru m 

r. 

Scutellaria minor 

0.— Li 

Juncus congiomeratus 

f. — a. 

Viola palustiis 

o. 


(c) Juncus assooies. 

Juncus was very rare in the wood before felling, being nearly restricttKi to 
the environs of Black Pond. Possibly the series of communities mentioned 
above represents different stages in the invasion of the MoUnia consocies, 
which had a start in the race after felling, by species of Juncus. It seems pro- 
bable, however, that complete replacement of the MoUnia will not take place 
at the higher levels, even if it does elsewhere. Burnt patches in this region 
have been filled in some places with numerous Juncus effusus seedlings during 
1923, showing that the conditions are not unfavourable for this species in the 
absence of competition. At the lower levels it would find even more congenial 
surroundings, and observations seem to show that here an actual increase in 
/wc'iis is in progress. 

In the lowest portions and especially where the drainage is rather im- 
perfect extensive areas dominated by Juncus ocmr. The most important 
species are Juncus effusus and J. conglomeratus, hut in certain places J. aciHi-’ 
jioTus is co-dominant or dominant, and J. supinus also occurs, while many 
marsh plants which are only rarely found in the MoUnia consocies are common 
here. Throughout the winter the Juncus areas form an almost impassable 
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swamp j the standing water being often over a foot (30 cm.) deep, but in summer 
a great deal of this swampy region becomes quite dry. On the whole the 
Juncus associes is not so readily colonised by birches as the Molinia con- 
socies, probably owing to the unfavourable nidus for germination offered by 
the thick tussocks of crowded upright stems and leaves. Thus the Juncus 
regions at the present time (1925) are generally more open and free from 
scrub. 

The following plants occur in the J uncus associes : 

Agrostis alba 
Anthoxantbum odoratum 
Calluna vulgaris 
Carex stelluiata 
Deschampsia caespitosa 
Erica tetralix 
Holciis lanatus 
Hydrocotyle vulgaris 
Juncus acutifloriis 
J. conglomeratus 
J. eUusus 


0 . — La. 

J. supinus 

0.— f. 

r. 

Lotus Iiliginosus 

0. 

v.r. 

Luzula congesta 

0. 

L 

L. multiflora 

0. 

r. 

Molinia caerulea 

0.™ f. 

r. — 0 . 

Ranunculus flammula 

0. 

0. — ^l.a. 

Scutellaria minor 

0. 

0. 

Betula alba 

r. — 0 . 

r.™ l.d. 

B. pubescens 

r.— If. 

a. — c.d. 

Salix cinerea 

0. 

a. — c.d. 

Polytrichum commune 

f.™ La. 


(d) Sphagnum bogs. 

As mentioned above, there are several places on the felled area where 
Sfliagnum occurs in quantity, in places becoming sub-dominant. Associated 
with the bog moss may be either Molinia or Juncus spp. or more often a 
mixture of these. From information received it appears that the S'phagnum 
bogs are those which existed prior to felling, so one may perhaps consider 
that Juncus has outstripped Sphagmm in the invasion of new areas. The above 
remarks receive support from the fact that the only stations on the heath 
for Narthecium ossifragum are in the Sphagnum bogs. The Bog Asphodel is 
by no means restricted to such localities on other heaths, so one can only 
conclude that it has not yet spread into the more recently formed swamps. 
With Sfliagnum is also found Aulacomnium fahistre, sometimes very 
abundantly. 

The full list of plants occurring in the Sfliagnum bogs is as follows : 


Agrostis alba 
Calluna vulgaris 
Carex stelluiata 
Cirsium palustre 
Erica tetralix 
Holcus lanatus 
Hydrocotyle vulgaris 
Juncus acutiflorus 
J, conglomeratus 
J. eUiisus 


A 111 acomnium palustre 
Caiupylopus flexuosus 
var. uligiiiosus 
Hypnum tluitans 
var. falcatuni 
H. stramineum 


Juncus supinus 
Lotus iiliginosus 
Luzula congesta 
L. niultiflora 
Molinia caerulea 
Nartbecium ossifragum 
Potentilla erecta 
Scutellaria minor 
Typha latifolia? 

Viola pains tris 


Mosses, 


Leucobryum glaucum 
Polytrichum commune 
P. juiiiperinum (on mounds) 
Webera nutans 

var. longiseta (o.fr.) 
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Mosses {continued). 


Sphagnum aqiiatile var. remotuin S. cymbifolium var. glaucescens La. 

(floating) r. S. inimdatum r. 

S. auriculatum var. canovirescens(c.fr.) a.— l.s.d. S. molluscum var. viilgatiim (c.fr.) La. 

S. compaetum var. squarrosum r. S. plumulosum var. remotum (floating) o. 

var. semisqiiarrosum Lf. S. obesum (usually floating) La, 

S. cuspidatum var. piumosum (float- S. recurvum var. majus l.s.d. 

ing) r- 


Gymnocolea inflata 
f, laxa 

Gephalozia bicuspidata 
C. comiivens 


Hematics. 

a. Calypogeia fissa 

r. C. trichomanis 

a. — l.s.d. Lepidozia setacea (c.fr.) 

o. Lophozia ventricosa 


a. 


r. 

Lf. 

r. 


Lepidozia occurs in some of the bogs as fine threads binding Sfliagnum 
stems closely together, and also sometimes in compact tufts on the ground. 
Two rather striking absentees are Leptosci/phus anomalus and Odontoschisma 
which are usually characteristic of such bogs. 

Zonation of the bryophytes can be detected in the Sphagnum bogs, the 
Sphagna themselves showing it most distinctly. The following zones were 
distinguished by Mr Eichards, Zone I being the highest and Zone IV the 
lowest. 

I. Sphagnum molluscum var. robustiim 
S. compaetum var. squarrosum 

var. semisquarrosum. 

II. S. cymbifolium var. glaucescens 

S. compaetum var. subsqiiarrosum 
S. molluscum var. vulgatum 
S. recurvum var. majus 
S. auriculatum var. canovirescens. 

III. S. plumulosum var. remotum 
S, recurvum var. majus 

. S. auriculatum var. canovirescens 
S. inundatum 

IV. S. obesum 

S. aquatile var. remotum 
S. crassicladum var. intermedium 
S. plumulosum var, remotum. 

{e) Drains. 

Crossing the felled area there are a large number of drains which vary in 
size and water supply. Some have permanent streams of running water, 
others stagnant water in winter only, while yet others are moist in winter 
only and quite dry in summer. These drains are either shaded to various 
degrees by young birches or tall Molinia or are quite open. Their banks are 
always more or less sandy, but the floor of many is clayey. 

As the conditions in different ditches and in different parts of the same 
ditch are so varied, the flora also varies greatly in abundance and richness, 
but in most cases there is a thick carpet of mosses and hepatics on the banks; 
in this are imbedded small phanerogamic plants. Lichens are almost entirely 
wanting. On the bottoms of the ditches species of J uncus are often abundant. 
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Of these tlie most characteristic is J uncus supinus i, fluitans wliioh is either 
completely submerged or floats; with this is a floating form of Agrostis alba. 
The only true water plant is Potamogeton polygonifolius^ this being, however, 
restricted to the larger drains. 

The following examples from Mr Eichards give an idea of the variation 
in the lower plants (Table I) : 

Drain 1. On edge of wet birch-scrub. Banks very damp, sandy and deep 
with permanent stream. Shaded. 

Drain 2. In Molinia consocies north of North Eidge. Moist in summer, 
a little stagnant water in winter. Banks of peaty sand. Unshaded. 

Drain 3. In drier Molinia consocies. Dry in summer, moist in winter. 
Banks sandy, mostly shaded. 

Drain 4. In upper part of Molinia consocies, near middle of Common. 
Banks very dry, shaded by thick bramble bushes. 


Table I. 


071 banks 

I 

2 

3 

4 

Mosses : Sphagnum cymbifoliiim va 

t,r. glaucescens r. 

— 


— 

S. compacturn var. subsquarrosum — 

0. 

_ 

— 

fe. recur vum var. majus 

r. 

— 

' — 

— 

Polytrichum commune 

— 

— 

— 

0. 

Ceratodon purpureus 

— 

— 

0 , (c.fr.) 


DicraneUa heteromaUa 

a. (c.fr.) 

— ; 

v.a. (c.fr.) 

0. 

Mnium hornum 

— 

0. 

— 

— 

Hepatios: Pellia epiphylla 

o. 

— 

— 

— 

Gephalozia bicuspidata 

cl. 

v.a. 

a. 

— 

Calypogeia fissa 

La. 

f. 

f. 

f. 

Lepidozia setacea 

— 

f. 

~ 

— 

Diplophyllum albicans 

— 

— 

— 

f. 

Lichens; Cladonia pyxidata 

— 

— 

0. 

— 


On floor 

S];)liagnuni obesum. o. — — - — 

S. crassicladum var. intermedium — — — o. 


In addition to the above the following have been found in ditches at 
OxB}xoit: Galypogeia neesiana, 0. tricJiomanis, Gephalozialammersiana (c. per.), 
(7. connivens, Lophozia excisa, Lophocolea cuspidata and Dicranella cerviculata 
(teste Mr W. E. Sherrin). Pellia epiphylla^ Gephalozia hicuspidata Dicra- 
nella heteromaUa are the most characteristic species. 

These drains are very rapidly colonised by plants, as was showm in the 
case of one re-cut and widened early in 1922 on the south edge of the damp 
region. On April 29th there were already a few plants of Pellia. The ditch 
was again examined in February 1923, the following plants being found. 

At the top of the sides were Dicranella heteromaUa and Poly trichum 
commune. 

On the sides further down : 

Calypogeia fissa a few stems Dicranella heteromaUa , o. 

Juncus snpinus f. Pellia epiphylla o. 

Pinus siivestris 1 seedling A Sphagnum belonging to 

Potentilla erecta 1 plant the subsecundum group a few tufts 
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On the bottom in running water was Juncus sufvtms ^ 

The bulbils of the latter-it is usually 

by drainage water; this may explain the rapid colonisation of ; 

fL heuatics Pellia and Oefhalozia fruit freely, this being an impoitant iactoi 

JJpSrgSr wide dilttitation. In fte drier drnine Win. » unconr.non; 

^ A further examination hr March 1924 showed that colonisation had been 
still more rapid since the previous year. The banks in many places bore 
larcre patched of mosses and hepatics, Dicrandla hetemwdla. Cali/pogeu. 
trichomanis and Gephalozia Ucuspidata being the 

portions, while Pellia often occurred in a line ]ust abor e ar eiage ; 

In one section of the ditch Difhphylhm albicam was dominant.^ 

ditch itseh were many plants of Juncus suqmms f !-^pgYn pkcS'^ Edm 

individuals of J. effusus, the former also growing up the sides in places. L> ic^ 

tetralix was the commonest of the other 

plants being present all along the sides, mainly near the top. Other plai 
found were as follows: 


Blechniim s]3ica.nt 
Calluna vulgaris (seedlings) 
Pinus silvestris (near top) 
Potent-ilia erecta 
Rubus sp. (trailing) ^ 
Sphagnum cymbifolium groux> 


1 plant 


r. 

o. 


Polytriehum coininune 
Hypnu m cupressif onue 
var. ericetorum 
Aulacomniiun ])aliist re. 
Eiinaria hygrometrica 


spreading from top 

a few stems 
1 tuft 

i tuft on a twig 


In 1925, although no detailed survey was made it was rioticed that the 
sides were completely covered with mosses and hepatics wliile large tufts of 
Juncus half choked the bottom of the ditch. Other 

were Betula (seedlings), MoE,via (not common bnt .spreading YYlrin! 
Agrostis vulgaris. It can be seen that the higher plants are the qiecies occ « 
in the surrounding AloUnia consocies and birch scrub. In this part of t . . 
ditch phanerogams were not so common as in the more open parts. 

(/) Black Pond. 

This can scarcely be termed a part of the felled area, but it seems 
to describe it here for three reasons; (1) it has been mflumiced by the felling 
of tlie pinewood around; (2) it forms the lowest mem )er m - m seiicb c . 
communities from dry to wet conditions; (.3) it acts as a centre tor ‘ , 

of aquatic forms, which can invade any temporary pools formed m the fdlt 

area in the vicinity. , , , 

Black Pond (see map, 11 , p. 289) is a large pool at the western end of the 
valley in the felled area. A fringe of trees was left around the pond unti 
1921 when those on the southern side were felled, those on the north am 
west being untouched. The eastern end tapers to the inlet where it connects 
with the main drainage of the valley. On the western side is an emhankincnt 
designed to hold back the water and although it has been broken in seveia 
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places tlie level of the water inside is still higher than the low ground outside. 
Much of the pond has dried up as a result of these breaks and is now occupied 
by a marsh which is inundated in wet weather only. 

At the inflow end there is a large area of marshy ground dominated by 
J uncus effusus with J. acutiflorus forming an almost pure community in the 
northern part. This is probably the focus from which the J uncus invasion 
mentioned above is taking place. The main N. and S. path crosses the inflow 
by a bridge which tends to hold up the water. By the inflow stream west of 
this bridge J uncus effusus is again dominant: on either side of it is a zone of 
Eleocharis fcdustris, Eriophorum cingustifolmm and Agrostis alba co-dominant, 
these grading into the Molinia consocies on drier ground; willows (Salix 
cinerea and 8 . fragilis) occur among the rushes. To the north of the pond 
the ground rises rapidly, so that on this side the zonation is sharp and some 
of the zones are lacking. At the western end is a large irregularly shaped 
sheet of open water, but most of the pond is filled with a tall reed-swamp of 
Phragrnites mdgaris which grows either in the water itself or on ground which 
is dry during the summer. On the north Phragmites comes right up to the 
bank: on the south it was burnt away by the 1921 fires and replaced tem- 
porarily by Eriofliofum angustifolium. In 1925 the Phragmites had partially 
recovered in this region, there being scattered haulms about 2-3 ft. (60-90 cm.) 
in height. Here, as well as in the drier parts of the reed swamp, many young 
trees oi Betula are growing and the whole will ultimately pass into woodland. 
A transect across the pond in 1921 gave the following zonation (Fig. 4). 
Reed Swamp, Near the open water in the centre this is almost pure Phrag- 
mites — Typha latifoUa occur in one place on the western side— but where the 
ground is relatively drier there are a number of other plants growing among 
the stems of the reed. They are: 

Betula alba o. — l.a. Hypochaeris radicata r. 

B. pubescens o.- — l.a. Juncus acutiflorus o. 

Eleooliaris palustris o. J. effusus o. 

Epilobiiim angustifolium r. J. supinus ^ f. 

Eriophorum angustifolium f . — a. Molinia caerulea ‘ o. 

Hydrocotyle vulgaris f. Viola palustris r. 

Hypericum elodes r. 

Some of these are obviously invaders from the dry areas around. In the 
water itself where it comes to the bank is Scirpus JLuitans, 

The following Sphagna grow^ in the reed swamp, usually in the w^etter 
parts, especially wdiere the ground rarely dries out. 

tSphagnum plumulosuin var. remotum La. (in water up to e. 10 cm. deep) 

S. cus^jidatum var. plumulosuin La. Lorn c. 5--30 cm. deep) 

B. obesum a. L'om c. 25-30 cm. deep) 

B. franconiae (probably only a form of S. obesum) a. (water from c, 25-100 cm. deep) 

The last named grows abundantly in the reed swamp and as large 
floating masses in the open water beyond, as w-ell as more sparingly in 
some of the neighbouring ditches. 8. recurvum forms large beds almost 

15—2 '■ 
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entirely at tire eastern end of the pond. msfidaOnn Tar. 'plmmmm grows 
characteristically in smaU scattered groups in shallow water especraUy in sinal 
pools separated from the main pond in summer. None of the bphagna of the 
upper zone of the damp series occurs around Black Pond. 

The following Bryophytes occur in the area with much EnopJiormn on the 

south side of the pond or elsewhere. 


Aulacomnium palustre 
Cephalozia bicuspidata 
Hypnum fluitans var. falcatum 
Sphagnum papillosum var. normale 
(comm. Mr W. B. Sherrin) 


f. 

f. 

f. 


Sphagnum serratiim (Mr W. E. Sherrin) 
S. amblyphyliiim 
S. recurvum var. majus 



f Oj>eni 


/Wajfer) 




TRl.ee <3L 







Fig. 4. Diagram of belt transect across Black Pond from A. to to snow 

munities. 1. Molinia-Jwmts ecotone. 2. Erinphomm and .-Ujrogli^ alha.^ 3. hriop}mum 
a,tLA Plra^imites. 4. Reed swamp of f/woswjfe.?. 5. Agrostu alha. (5. consoeies. 

It is obvious from the ordnance maps that this silting up of the pond and 
invasion by reed swamp, etc., has been in progress for many years. Even m 
1912 there was very little open water, but it is probabk that the reed swamp 
was in much deeper water then. In any case the felling of the surrounding 
wood has accelerated the process by increasing evaporation while the blocking 
of the drainage in the valley farther up has reduced the amount of water 
inflowing. 

(II) The Birch Phase. 

Since we first visited the district in 1920 active colonisation by Bedih 
has been taking place so that now there are all gradations betwecm close 
birch-scrub with undergrowth of Molinia, etc., and open MoUma with few 

birches. . . * • 

Where the Molinia consocies is in close contact with plantatioms eontammg 
birches, or near mature birches left after felling, the area i.s rapid 1} being 
converted into birch scrub. On the east of the Oonimon is a large circuhu 
felled region, termed by us the “Inner Circle” (see map, 11 , p- 289). W hen we 
first visited this in 1920 it consisted of typical Molinia consocies with a 
number of small birches about 18 in. (45 cm.) high. At the upper (southern) 
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margin was a zone of almost bare ground with scattered and even smaller 
bircKes. In 1923 the lower part was still predominantly Mofem, but the 
birches there were from 4-5 ft. (1*2-1 *5 m.) in height while the upper portion, 
including the originally bare zone, had been converted into a thick birch 
scrub nearly 7 ft. (2*1 m.) in height. In the upper portion were also numerous 
pine seedlings of various sizes. There have been several superficial fires in 
the region during this period but except in the south-west corner they have 
had little effect on the colonisation. This region is surrounded by mature 
birches and pines on most sides and this explains the rapid invasion. In 1925 
the conditions were much the same but the scrub in the southern half was very 
tall and thick while there were quite tall pines (up to 6 ft. === T8 m.) among 
the birches. 

In other regions the birch scrub was even better developed, but unfor- 
tunately most of it was destroyed by fire in 1921. Nevertheless the birch has 
made a wonderful recovery in these regions and the scrub is almost as thick 
as previously. As will be seen from the map, the most prominent belt of scrub 
occurs around the periphery of the felled area and then gradually thins out 
towards the centre. 

In certain damper parts of the pinewood prior to felling there were a 
number of small Gastanea^ Birch and other trees under the pines. When the 
latter were felled the Castanea, etc., grew well, forming a scattered scrub in 
these parts of the developing Molinia consocies. It is probable that this 
Castanea zone, which occurs typically on the southern edge of the felled areas 
(see map) represents the distance to which Castanea had invaded the pinewood 
from the great plantation adjacent. It was shown previously (11, p. 298) 
that Castanea is able to establish itself under Pinus — germinating seeds and 
young plants have been found — and it is almost certain that it was not 
planted here since the pinewood was subspontaneous, although in the woods 
around planting was carried out. Many of the chestnut trees were badly 
damaged or killed during the fires so that this zone is not now so prominent, 
but the taller isolated trees still stand out amidst the more recent thick 
birch scrub. 

As the trees grow up the ground vegetation becomes gradually suppressed, 
so much so that the ground is often almost bare under the young trees. 
Galluna is usually the first victim, while Molinia, J uncus and Erica tetralix 
persist longer, but even they become etiolated and do not flower. Betula casts 
a deeper shade than is usually ascribed to it in books, particularly in the 
young stages when the lower branches grow horizontally only a few inches 
above the ground. Later on, as the trees grow up, their growth becomes more 
open and a certain amount of reeolonisation takes place, but in thick birch 
scrub CaUuna Erica tetralix never regain their lost positions. 

In the damp regions Betula pubescens becomes co-dominant with B. alba 
or even outnumbers it, especially in the wetter places. Very few new plants 
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seem to be associated with the development of the birch scrub. Young trees 
of Caslanea, Quercus robur, Q. eerris, Sorbiis ciucufaHa, Fagus silvatica, 
Pmmis avkini and Pimis silvestris are dotted about, but in general the 
ground vegetation is simply an impoverished and stunted Molima or Juncus 
associes. 

In a few places the felling was not complete, sometimes owing to the 
relatively high proportion of deciduous trees originally present. In these 
regions conditions are rather different from those in the completely felled 
areas as seeds of these species are available in large quantities. A number of 
mature trees of Bef/iila, Quercus, Casta nea, Fagus, etc., were left scattered 
about and within this region a scrub has rapidly formed. Young trees of 
Quercus and Betula predominate, but other species occur. The ground vegeta- 
tion is a mixture of Pteridium, MoUwia and Rubus gTowing together in inex- 
tricable confusion and obviously in active competition— probably all survivors 
from the original wood. This scrub will in time be converted into Mixed Wood 
of the usual type, and possibly illustrates a further stage in the march of 
colonisation, the younger stages of which occur on otlier parts of tlie felled 
region. Few pines have yet appeared here. 

(Ill) The Pine Phase. 

Indications of a future development of this are much more evident on the 
wet areas than on the dry ones. Young pines occur abundantly among the 
Molinia and in the birch scrub, especially in regions abutting on the iinfelied 
pinewood or on plantations containing pines, and there seems no doubt that 
another pine colonisation is in the first stages of development. At present, 
with the exception of several small chimps of pines from openings in the 
original wood and not felled with the other trees, none of the trees is over 
10 ft. (3 m.) in height, and few exceed 5 ft. 6 in. (1*65 m.), representing trees 
eight years of age which appeared the year after the felling. Other trees of 
all si 2 :es from 3 in. (7*5 cm.) upwards occur, and are in most eases thriving 
except where they are slightly etiolated owing to shading by the birdies, or 
in the very wettest places. Pimis apparently does not succeed in soil in which, 
the saturation point is maintained for any length of time, such, conditions 
resulting, in the case of the larger plants, in an extraordinarily slow rate of 
growth, and in the seedlings dying at about two or three years of age. 

Unfortunately Pimis, owing to its resinous tissues, sirffereci more severely 
than almost any other plant in the fires, otherwise it would be much com- 
moner than it is. Since the crop which germinated from seed left after felling 
was mainly killed by fire, it is now left to wind to carry >seeds into the interior 
of the felled area, and apparently wind, in spite of R. Smith's observations 
(10), is not a particularly effective agent of dispersal in tlie case of Pimis, 
At any rate the number of seeds carried more than 160 to 150 yds. (00-135 m.) 
from mature trees is not sufficient in view of the activity of agents destroying 
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tlie seeds and seedlings after dispersal. In tlie, course of some sowings w situ 
carried on in 1925 something of the effect of these destructive agents was seen. 
A detailed map of the pine seedlings on part of the damp areas was made 
early in 1925, and it was surprising how few young plants (under 5 years) 
there were outside a radius of 130 yds. (117 m.) from the edge of the unfelled 
wood or from other mature trees. There seems no doubt however that, given 
a reasonable freedom from fires, especially during the next few years — larger 
trees are not so susceptible as younger ones — Pinus will gradually recolonise 
the wet areas and reconvert them to pinewood. 

(IV) General Remarks, 

The succession on the damp areas may be expressed in the following 
scheme (Fig. 5). 

Pinewood 
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Pig. 5. Scheme of eoloriisation of the clamp regions. 

In all probability the Junousr and Spkapntm comm will not become 

colonised very quickly unless the drainage is improved. Betula can tolerate 
very great extremes of water content in the seedling stage, but the conditions 
among Juneus and Sphagnum with a thick layer of rotting saturated litter 
on the ground are not favourable for germination. This was well seen in an 
area adjacent to a welhdeveloped birch wood on the east side of the Common. 
Although seedlings by the hundred occurred among Molinia and mixed 
Molinia and Juneus, yet in an almost pure zone oi Juneus ejfw.ms nearer the 
wood hardly a seedling was to be seen. As mentioned above, Pinus is practically 
never successful in such localities. 

C. Traxsitioxal Eegiojsts. 

In several places the sharp line between the wet and dry series communities 
is not present. This is due to the gradual slope from the higher to the lower 
ground resulting in a wide transitional zone, in which the dominants of the 
two adjacent types are in active competition. It has already been mentioned 



232 StiuUes on tM Ecology of Efiglish H 

that Molinia is apparently invading the CaUiina areas in many places, pro- 
bably owing to the blocking of the drainage leading to a higher water table 
and possibly to other factors. On the gentler slopes this affects a much wider 
zone than elsewhere, while at the same time the effect itself is not actually 
so noticeable. 

The largest transitional areas seem to be those in which Pteridkon and 
Molinia are the competitors. We have not been able to determine exactly 
what is happening here owing to the slow rate of change, but some observations 
a little lower down bear on the subject. Along the main drain in tlie valley 
is a high bank made from the excavated earth on which Pleridium is well 
developed. Away from the bank however it occurs only on the mounds 
around the pine stumps, the intervening spaces being filled with Jfolimu. 
Since Pteridvum almost always reproduces vegetatively here it is reasonable 
to suppose that these patches represent the remnants of a once continuous 
stretch of Pteridium in the wood prior to felling, especially as decayed 
Pteridium ihizomes are found under the Molinia between the stumps. Since 
felling the water table has been raised and Pleridiani has only been able to 
survive on the mounds around the trees. Molmvia is therefore freed from 
Ptendkmi here, and it seems likely that the same is happening further up 
although more slowly. . 

Calhma, on the other hand, grows quite well in the clamper parts, and 
therefore can maintain itself against Molinia. Erkxi teiraUx is now appearing in 
quantity in the transitional Molinia-Ckdlmia zone, and at the base of the Calluna 
consocies proper. The zonation here from above downwards is as follows: 

(1) consocies. 

(2) CaUu'tia consocies — clarap tyfie with much Erica tctraVir. 

(3) Mixed community of Molinia^ CalliUKt and Erica tctralix. 

(4) Molinia consocies. 

The communities here are thus coming into line with those on the original 
heathland (cf. Part I, pp. 291, 295). Erica dnerea occurs very rarely in this 
region though common enough among Calluna^ while Erica tcfraJix finds' its 
usual upper limit in the transitional zone, occurring but rarely in the dry 
regions proper. 

Seedlings of Betula seem to grow more readily in the intermediate zones 
than in either the Molinia or Calhina consocies. The junction of wet and 
dry series is therefore often marked by a line of birch scrub. Possibly the 
medium water content together with the reduced competition from Molima 
produces rather favourable conditions, since similar belts of scrub are found 
where Molinia abuts on almost bare parts of the higher ground. As one 
passes from the higher to the lower regions it is in these traiivsitional belts 
of birch scrub that Betula pubescens first appears common. 

The course of succession in these areas naturally resembles in certain 
respects those on both dry and damp areas, the most striking feature being 
perhaps the early appearance of the birch phase. 
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2., TERTIARY SUCCESSIONS {RECOLONISATION OF BURNT AREAS) 

Although the whole of the changes following the felling of the wood should 
rightly be termed ''secondary successions'’ or subseres, according to Clements' 
nomenclature (1), yet we have thought it advisable to use the term "tertiary 
successions" for successions arising from causes not in any way directly 
related to the felling, and thus subordinate to the main subseres studied. 
The chief and perhaps only series of "tertiary successions" (used in the above 
sense) taking place at Oxshott are those resulting from fires, mainly the 
disastrous ones of 1921. 

On the original heathland the surface peat is formed from plants already 
there and is apparently not very inimical to their growth. On the felled area 
there is, on the other hand, a thick layer of pine-needle litter and peat which 
is very difficult of colonisation by plants until a certain stage in decomposition 
is reached. The removal of this by fire therefore not only alters the chemical 
properties of the soil as on ordinary heath areas, but it also involves the 
disappearance of this retarding factor. On the damper ground decomposition 
of the needles takes place more rapidly and was probably well advanced 
before the fires occurred. 

From observations made late in 1920 and in the spring of 1921 it was 
evident that fires had occurred previously: in fact the debris from the felled 
trees was burnt after felling. A good many of the drier areas had still a thick 
layer of peat early in 1921, but charred stumps were present locally. In June 
and July 1921 a series of fires swept almost the whole of the felled areas, and 
these fires continued or were intermittent during much of August, some of 
the ground being burnt over several times. Eainfall records show that although 
rain fell in small quantities during June (0*29 in.), July (040 in.) and August 
(0*72 in.), it was not until September 11th when 0*90 in. fell that there was 
enough to wet the ground sufficiently to prevent further fires. Actually the 
fires mostly died away before this from lack of combustible material. The 
above figures however show how dry everything must have been. 

On the drier areas the peat layer was completely removed over large 
stretches, especially at the western end of the north ridge where the underlying 
sand was exposed. In this region were many young birches which were all 
killed. The fire swept right along the south side of the ridge, but missed the 
"Great Hollow" except in one place. Further along parts of the Pteridium 
communities were completely destroyed and in a few places the Calluna also. 
Generally speaking, however, the latter was not continuous enough to enable 
the fire to spread easily, while bare sand here and there prevented extensive 
burning of the peat. 

In the wetter parts the effect of the fires was devastating. Over much of 
the Molinia region, especially south of the main drain, the dominant was 
entirely killed, while everywhere it was badly damaged. Usually the patches 
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of killed and damaged Molinia alternated frequently, the burning often being 
worst around the pine stumps. The Castama trees were very badly damaged, 
many of them failing to sprout until 1923, while some quite large trees were 
completely killed. The birches w^ere severely injured, being exterminated in 
many places and extensive tracts of birch scrub were entirely consumed. 
A thick layer of charred materials was left everywhere. The very wet J uncus 
communities suffered less, but even they were sometimes killed, while the 
PJiragrnites in Black Pond was half burnt over. As others have noted (6, 
p, 118), the courses of fires are very capricious, and no doubt some areas were 
burnt several times while others were either missed altogether or were burnt 
very slightly. 

A. Dry Regions. 

In dry regions the recovery, except in one particular, has lanai very slow. 

1922 . In April numerous seedlings of Epilolnufu (mgu.aipEuiui wire seen 
in depressions on the ridge; these grew up and flowered in tlu^ same year. 
In some places the birches sprouted, but generally they were entirely killed. 
Pterulium sent up a few scattered fronds of small size in many places, and 
was perhaps on the whole less affected than any otlier plant. Borne of it 
however was completely killed and has shown no sign of life siiice. Digging 
in this area revealed dead, decaying rhizomes— probabl}' killed by the heat. 
In addition to removing the i^eat layer the fire had so hartleiu^-d tlie sand 
beneath that locally it wns almost like rock, this being very inhos})itable 
ground for germinating seeds. On terrain of this type Hoi'mitHuiu Jluvciiluni 
was found in a thin macroscopic green layer. 

1923 . Little change had taken place in some of the luirot regions but in 

others the birches had sprouted quite successfully and seemed to have re- 
covered completely, while Pteridium was growing much as before the fire. 
E'pilobium had spread very considerably, covering large areas. On the 
nortliern slope of the ridge Fmia/ria -was growing well m extensi\'e patelies, 
but had not fruited: it is interesting to note tliat tlie same stage was readied 
on the damp areas in 1922. Bryum argenteum was also seen in a. few places 
and fruited in Octohei, and Ihnuex ucdcsidhf were noticed 

here and there, but the latter was not so common in the dry regions here as 
on other heaths. Seedlings of Senedo silvaiicus appeared late in tiie year. 

In one place at the base of the dry area all the burnt plants of ilex nanus 
had sprouted from the stools, wdiile the other members of the original ibiUuna 
consocies here had been killed. TJhx was therefore dominant, wdiich it other- 
wise never is ( 5 ). The exposed bushes were nibbled into cushions by rabbits, 
while the plants in the shelter of small birches were large and fiowu^riHl 
profusely. 

1924 . This year Ceraiodon purpureus appeared in quantity for the iirst 
time on the dry areas, replacing Funana in many parts; iii otliers, howcxeic 
Funafia was still the dominant moss. Epilohium angustifaHuiu also continued 
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Damp area. Burnt patch in Molmia consocies with carpet of 
and many young bushes. Oct. 1925 (see p. 339). 
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its spread and formed in some parts thickets some 3 or 4 ft. (90-120 cm.) in 
height. Later on in the year many seedlings of Calkma and Betula grew up 
under the shade of the willow herb. Birch and heather seedlings also appeared 
in the barer burnt patches, while locally Senecio silvaticus was abundant, 
flowering profusely. Other plants found included Sonchus oleraceus a>iidL 
Taraxacimi officinale (both common weeds of non-acid soils around), their 
growth being no doubt favoured by the less acid soil reaction. 

In several places, however, the development was not so far advanced. 
On the north slope of the ridge there were in November extensive carpets of 
Ceratodon purptireus mixed with PolytricJmm for7nosu}n, in wdiich birch 
seedlings were decidedly rare, while E'pilobnim was present only as scattered 
clumps. The advent of the Polytriclmm marked a further stage in the reversion 
to the original acid substratum. 

On the regions in which the surface had been burnt quite hard an interesting 
extra phase had been interpolated, and here was seen almost the only example 
on the Common of a cryptogamic phase being necessary before the higher 
plants could colonise the ground. Darker patches of this hard surface were 
found on investigation to be damper than the normal owing to the presence 
of a thin film of mucilaginous soil algae. On these patches there appeared 
afterwards Oeratodon and Polytrichum, but in 1924 very few' higher plants 
arrived. The mosses were not seen on the ordinary baked surface. 

1925. No marked change had taken place up to September of this year. 
E'pilobimn was maintaining itself on most of the areas, although it had 
certainly decreased in luxuriance. PolytriGhnm had replaced Cemtodo7i in 
many places, and many young plants of Bekda (Plate III, fig. 1 ) and Callv^ia 
had established themselves. Pteridumi oommenc^A. to recolonise the burnt 
areas around the remnants left by the fire. 

General Remarhs. It may be seen that on the drier burnt regions the re- 
establishment of the original vegetation has commenced, but has not yet 
progressed far, while temporary communities still hold the field in most places. 


B. Wet Regions. 

1921. Where the Molinia was only moderately burnt it recovered quickly, 

a short thick turf being produced by the autumn after the fire, but no flowers. 
Seedlings of Epilohkmi and Senecio silvaticus on the quite bare 

patches. 

1922. The If ofeia sprouted, producing inflorescences about a foot 

(30 cm.) high. Betula biiA Quercus also sprouted everywhere while a few 
plants of showed signs of life. 

Meanwhile on the perfectly bare areas a rapid colonisation set in. Many 
seedlings of and those both of this species and of Senecio 

from, the previous year flowered. This rapid appearance and spread of Epilo- 
hiayn and Se-necio was no doubt due 
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following burning (see pp. 210 and 213). At tlie same time the ground became 
green with moss protonemaj mainly of Fimaria Jvygrornd/rica which developed 
and in a few places fruited; by July some of the previously bare patches were 
completely covered with this moss. Kessler (9, p. 369) has shown that the 
spores of Ftmaria will only germinate in an alkaliiie medium ; this is provided 
for them by the salts in the ash left after the burning of the humus and litter. 
Cemtodon purpureiis was also present but in very small amount. Annual 
plants such as Rimiex acetosella appeared in great numbers, while many 
plants of Deschamfsia flemosa had arrived in parts of the burnt Molinietum. 

In July in the drier parts of the Mobinia consocies numerous seedlings of 


Calluna appeared, while in one or two districts a large number of seedlings 
of Digitalis furfurea sprang up. The origin of these is a mystery, as there 
were none flowering on the heath, but they probably came from a garden 
since in 1923 some had white flowers: the nearest garden was however a long 
way off. Other phanerogams which were observed on the burnt patches in 
1922 were vvlgatum, Epilobium montanuai, E, rosea E, tetra- 

gommi^ Engeron canadense, Hieracium pilosetta. Holcas lanatus, Hgpoduiens 
radicata, Rmnex acetoseUa, Sagina subidata, Senecio silraiicas, 8. vt^lgans, 
Sonchus oleraceus^ SteUofia media ^ Taraxacum ojieinale, TrifolUnn dubkmi and 
Tsepens^ most of which are common weeds with excellent means of seed dispersal 

At the edges of the completely burnt patches there was a slight slope, 
and here a number of sporelings of Pte/ridiiirn appeared. Apparently the 
conditions of moisture, etc., due to the hygroscopic nature of the layer of 
charred organic material present were suitable for the production of prothalli. 
Polglrickum comrmme and F. junipermum arri\’‘ed after Famiria especially in 
the wetter parts of the burnt patches, while ^larchanlia^ app(‘ared locally in 
large quantities. 

Taken as a whole, it may be said tliat apart from Epilobium the main 
development was by lower plants, mosses being most prominent. Oving to 
the greater moisture these get ewstablished much more quickly than on the 
usual dry type of heath. The first of the series of quadrat charts (Fig. 6) gives 
an idea of the condition of a typical completely burnt area, in 1922, the 
scattered Epilobium plants being about 2 ft. (60 cm.) liigli. 

1923 . The mosses spread more, a great deal of the original burnt out 
ground in February being converted into green carpets of Funaria and Folg~ 
irickum, the former fruiting everywhere; Bnjum argenienm was only common 
locally. Polyirichuni piliferum appeared and Cemtodon purpureas fruited in 
many places. Later on in the year this moss became much more prominent 
and had apparently replaced Fwnanh in many places. This phase usually 
occurs after burning, when most, but not all, of the salts from the wood-ash 
have been washed out of the soil. G, purpureus is a moss noted for its extra- 
ordinary range of habitat and indifference to soil constitution; for instance, 
it grows well on both chalky soil and peat, though perliaps it has a. [)reference 
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for neutral and acid soils. As it is such an abundant species and fruits so 
readily, its spores must always be present in the atmosphere in a district like 
Surrey, and as the soil becomes less suitable for Ftmaria it becomes more so 
for Gemtodon. Marchaniia also continued its spread. In the burnt areas in 
both years many fruit bodies of Laccaria laccata were seen, together with 
other rarer species. 

The most striking development however was that of the phaiierogams. 
On the partially burnt areas MoUnia grew to its normal size and, in the 
damper areas particularly, produced inflorescences up to 3 ft. 6 in. (1 m.) in 
height. Bet/ula also grew very well and seemed to have recovered completely, 
while a large number of Gastanea trees which had shown no life in 1922 
sprouted at the bases of the trunks. 

On the burnt patches Epilohiuni was easily dominant, filling the drier 
places with a close vegetation 3-1 ft. (c. 1 m.) high, while later in the year 
the air was a mass of flying seeds which became entangled in everything. 
Many seedlings of Betiila on the drier parts, and of Molirtia and Juneus 
effusus on the damper, grew" up during the year, wdiile in some of the \?etter 
regions Holms lanaPus was extremely abundant. Seedlings of many other 
plants also appeared, such as Erica tdralix, CaJluna, Deschainpsia Jlexuosa, 
Jimcus squarrosus and J. supin/us^ these being members of the regular heath 
flora. The annuals and biennials, including various w^eeds, Seneclo silmfictiSj 
Rumex acetosella and also increased in amount. Aim praccox and 

Senecio jacobaea were fresh arrivals in 1923. 

Fig. 7 shows the same quadrat one year later (1923). The dominance of 
Epilobium is apparent, the wdllow"~herb in this patch forming a thick stand 
over 3 ft. (c. 1 m.) high. The arrival of seedlings of Belala, Moldma and 
Calluna is evident. 

1924 . In this year the inauguration of two fresh phases in the siiccession 
could be seen. In the first place Epilobmm (xngih^lifoUiwi^ which wars quite 
dominant in many burnt patches in 1923, began to lose groiiml. Most of the 
plants were decidedly less luxuriant and showa^d a xeropliilous struct are 
normally associated with later phases in a burn succession. Other work done 
by us on Epilobmm shows that this can be definitely related to the decrease 
in available nitrates. 

In addition a great number of seedlings of MoUxGyt and Bel ala could he, 
found everywdiere growing beneath the Epilohiunt and foriiiing the vanguard 
of the next phases. At the same time Pobjtricham spp,, mainly P. comma ae 
and P. junipennvm, appeared in large quantity, Gemtodon being loss con- 
spicuous though still plentiful, while Fimaria was banished to drier knolls 
where the succession was not so far advanced. Polytricha always becomti 
abundant when the last traces of the soluble salts in tlie ground luive dis- 
appeared and the soil reverts to its former acid condition. 

In the very wet parts Jimeiis effusus and J. eonglomendiis had entirely 
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filled tlie burnt patches with a thick growth of young plants, while several of 
those which had appeared in 1923 produced small inflorescences. In one area, 
where the completely burnt region was more continuous than usual, J. effusus 
now formed an almost pure stand where formerly Molinia had predominated. 
The other members of the normal Molinia consocies also increased, some of 
them being very abundant locally. 

An interesting feature in 1924 was the appearance on the damper burnt 
patches, especially those on which Polytrichum commune was dominant, of 
numerous seedlings of Pinus silvestris. Some of these no doubt grew up in 
1923, but they were first noticeable in the following year, being then from 
3 to 9 in. (8~23 cm.) in height. Many however seemed to be rather unhealthy, 
and probably will not survive, at any rate not in the wettest places. 

Fig. 8 shows the state of colonisation of the same quadrat in 1924. The 
decrease of Epilobitmi and the increase in the other plants is very striking, 
also the almost complete dominance of PolytricJiurn spp. 
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Fig. 10. Scheme of secondary successions following burning on the damp regions. 

1925 . The changes noted in 1924 were carried farther this year. Epilobimn 
had almost entirely disappeared from many burnt patches, while many low 
thickets of young birches up to 18 in. (45 cm.) in height had grown up, these 
being very prominent in the less wet regions (Plate III, fig. 2). Polytrichum 
spp. (P. formosum and P. juniperinum) were almost entirely dominant in 
these places. On the wetter parts P. commw we was the chief moss, usually 
associated with Jmwcms spp. Birches were abundant here also, although 
perhaps not in such large numbers as on the drier patches. Molinia laa,d also 
increased greatly while Calluna was common locally. The fourth quadrat 
chart (Fig. 9) shows the state of a typical burnt region in 1925 and illustrates 
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some of the above points. It can be seen from the foregoing that the species 
of tlie typical wet soil community are quickly asserting themselves and that 
colonisation is extremely rapid. The sequence of colonisation on the damper 
burnt areas so far as it is known is represented schematically in Fig. 10. 

In many places, owing to the rapid growth of birches on the burnt patches, 
the Molinia phase will become telescoped, the other communities passing 
direct into birch scrub. Where, however, the burns are away from the mature 
birches the Biolinia consocies is re-establishing itself quite successfully. The 
initiation of the pine phase is also evident, though it will be some time before 
the pines will be of any importance on the burnt patches. 


3. COmiUNITIES OF SPECIAL HABITATS 


Under this heading we class communities which cannot be brought into 


a general scheme elsewhere. 



{a) Rtideml Gommunities. There are places wdiere the direct influence of 
man has greatly modified the vegetation and often made it possible for species 
alien to heath conditions to flourish. The track along the north end of the 
Common has been reinforced with clinker and earth and as a result a number 
of weeds and other plants are to be found there. Some of these have spread 
in places into the felled area adjacent and are there competing with the heath 
flora. In other places similar plants are found by smaller paths. In 1922 the 
following ^tweeds’’ occurred: 

Arctium lappa Kanuncuius repeiis 

Cirsium arvenso f. Kuiuex crispus t 

C. lanceolatum f. Sonehus oleraceus 

Hordeum miirinum Stellaria media 

Lotus cormculatus Taraxacum officinale 

Potentiila reptans Tiifolium repens 

Plantago lanceolata Tussilago farfara 

P. major Urtica dioiea 

Polygonum aviculare Veronica serpyHifoIia 

P. iiydropiper f. Vicia sativa 

Prunella vulgaris 

Polygonum hydrofifer typically found by paths in inany places: its 
presence is probably correlated with the increased water-content due to 
trampling of the ground; the seeds may also perhaps be distributed in the 
mud on boots. Some of the above species, e.g. Cirsium arvense and Runiex 
crisfus, are always found in waste places on the heath. There are also several 
rubhish heaps on the felled areas, especially a larg(; one in the Great liolluw. 
On these were found various weeds and other plants. Tlie following whieli 
have appeared in the Great Hollow at various times give an idea of the flora 
of these heaps: 

Atriplex pa-tula Polygonum pcu'Hicaria 

Capsella bu rsa-pastoris t mall >a ( you ng ) 

Cerastium vulgatum Benecio silvaticus 

Chenopodium album Bonchiis oieraceus 

Corylus avellana (young) Taraxac.um officinale 

Digitalis purpurea Teucduin scorodonia 

Erigeron canadense Veronica arvensis 

Mahonia aqmfoliiim 
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An interesting addition was Efilohium angustifolium which by 1924 had 
completely overrun the above-mentioned large heap, this again being an 
example of its preference for spots rich in available nitrogen. 

A rather exceptional habitat is the large heap of sawdust (50 yds. — 45 m. 
long and several feet thick in the middle) in the north-west corner of the 
heath: other heaps occur elsewhere. This sawdust is apparently a very 
inhospitable substratum for plants, since even in October 1923 practically 
nothing but a few small birches could be found on it. At the edges Molinia 
was trying to push through, but looked rather unhealthy. By October 1925 
only a few seedlings of Erica tetralix had been added. That the sawdust 
becomes a suitable habitat later on is shown by the fact that a small mound 
(6 ft. X 4 ft. and over a foot deep) in another place had Cirsium arvense, 
Anagallis arvensis, Solanum nignun and Gerastium vulgatum growing on it — 
a typical weed flora. Hesselman (8, resume, p. c) states that sawdust on partial 
decomposition nitrifies actively and that nitratophilous plants then occur on it. 
The wood of Pinus, owing to the large amount of resin present, seems much 
more resistant to micro-organisms than other woods, and this accounts for 
the slow rate of decomposition of the Oxshott sawdust. In November 1923 
on one sawdust heap the fungus Tremellodon gelatinosum was abundant. 

(b) Pine Stumgos. The stumps of the felled trees, which are scattered 
fairly regularly over the whole area, have a somewhat special flora which is 
composed mainly of fungi. At first, owing to the resinous nature of the wood 
and general unsuitability of the surface, the stumps remained bare. Later on 
the bark especially gradually decayed and many fungi were found growing on it 
or between the bark and the wood itself. The following have been found: 


Corticium albo-stramineum 
Fiammula sapinea 
Domes annosus 
Hypholoma fasciculare 
Lenzites saepiaria 
Meriilius tremeliosiis 
Paxilius involutus 
Pholiota spectabilis 
Pluteus cervinus (albino form) 


Polyporus amorphus 

P. hispidus 

P. mollis 

P. tepliroleuca 

Polystictus versicolor 

Sparassis crispa (mostly on burnt stumps) 

Thelephora laciniata f . 

Trametes gibbosa 

Tremellodon gelatinosum 


In addition to these were Polyforus schweinitzii with Hypholoma and 
Thelephora on the roots. On the cut surfaces, especially associated with the 
holes of wood-boring beetles, Calocera viscosa and Dacryomyces sp. were 
found. The myxomycetes Lycogala epidendrum, Fidigo septica and Steynonitis 
sp. occurred plentifully both on the wood and on the bark. 

Mosses also appeared at a fairly early stage although not frequently. The 
following have been found, mostly on the bark or on rough parts of the cut 
surface where a little mineral matter collected: 


Au lacomniu m androgyniim 
*A. palustre 

* Brachy tliociu m velutinum 
Bryum erythrocarpiim 
Ceratodon purpureus 
Dicraniim scoimrinm 
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Eurhynchium praelongum 
Hypnum ciipressiforme 
var. resupinatum 
*var. tecfcorum 
Tetraphis pellucida 
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Those marked witli an asterisk were sometimes found on tlie smootli cut 
surfaces. 

A certain number of lichens were also present. Parmelia fhjsodes and 
Cladonia fyxidata sometimes occurred on the cut surfaces, but most of the 
lichens come in when the stumps are more decomposed. Other lichens besides 
those mentioned above are: Cladonia silvatica (r.), Cfiircata (v.r.), 0. niadle'Ma 
(1.), G. parasitica (1.), Lecanora varia (o.), and Lecidea uUginosa (v.r.). 

In some cases the stumps have gradually decayed away and merged into 
the surrounding soil, but in many cases a rather different state of affiiirs has 
come about. The inner portion of the stumps has either been burnt out or 
has decayed away leaving a small depression. In such places soil of a sort 
has collected and formed a suitable nidus for the establishment of higher 
plants. In 1924 the following were found in various stumps: Epilobiu}}! 
angiistifolium, Fagiis silvatica (seedling), Rammcalns repens, Behda (seedlings) 
and Rubus spp. In 1925 Molinia caeride Sorbas aacuparia and Descliampsia 
Jlexuosa were also seen, while Epilobimn was relatively fretpient in hollow or 
decayed stumps. In the November of 1924 it was noticed that the stumps 
were rapidly rotting away inside although often preserving a smooth and 
rigid outer shell. No doubt within a few years they will have almost completely 
disappeared. 

4. SUMMARY ANB CONCLUSIONS 

L The recolonisation of an area of felled sub-spontaneous pinewood is 
described. 

2. The progress of colonisation and the communities formed are dealt 
with, it being showm that different lines of succession are followed on dry and 
wet areas. 

3. On the former ordinary dry-heath communities of Call ana and Fieri- 

diiim are being formed, while Beiida alba and i>\ in addition to 

forming pioneer communities themselves, are invading tlie other parts. The 
distribution and advance of Epdobiam angasiifoliani are esj>eeially fully 
treated, while data as to powers of dispersal, etc, of other species are given. 

4. On the wet regions the main dominant is Molinia eneralea which covers 
large stretches. Jnncns spp. (especially J. effasas and J , conglomeraias) seem 
to be invading these Molinia communities. All the consocies on the damper 
parts are ahead of the drier types in development and are ef)m[)letely el«>sed. 
Tw^o factors are suggested to explain this: the presence, of Molinia in tiie 
damp parts of the original wood and the more favourable soil conditions in 
these areas after felling. 

5. Young trees of Beiula spp. are to be fouml everywhere; it seems as 
though both wet and dry regions are being converte<l into a scrub, mainly 
of birches, and finally into woodland. The small part playe<l by Pinas in the 
primary phases of the process is noteworthy, but the evidence suggests that 
eventually, on the damp areas at least, pinewood will be re-established. 
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6. The effect of fires on the felled region is described. In particular the 
disastrous fires of 1921 are dealt with, and it is shown that burning greatly 
alters the course of colonisation. The new successions initiated are followed 
in detail, the wet and dry regions agreeing in that Funaria and Epilobium 
angustifolium are the dominant plants in the, earlier stages, while later on 
Cemtodon replaces Funaria] but after this the successions diverge, the usual 
dominants of the two regions, viz. Oalluna on the dry areas and Molinia and 
J uncus spp. on the damp areas, becoming more abundant. Betula seedlings 
also appear at an early stage and this will probably result in a telescoping of 
some of the normal stages. 

7. The special floras of ruderal areas and of the pine-stumps are described. 
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INTROBUCTION AND ACKNOWLEDCxMEXTS 

Notes have already been published on the animals occurring on the 
unfelled and unburnt parts of Oxshott Heath (see this Journal, 12, 1924, 
pp. 291-2, 299-301, 304-5). The following account gives the results of a 
primary survey of the animals of the felled and burnt parts of the Common 
made in 1922-5. In such a survey identification of specimens is a large part 
of the work, and I have much pleasure in acknowledging assistance in identi- 
fication given as follows: Coleoptera, Commander J. J. Walker and Mr J. 
Collins; Hymenoptera and Diptera, Mr A. H. Hamm; Micro-lepidoptera, 
Mr E. 6. R. Waters; Aphides, Mr E. Laing; Spiders, Dr A. R. Jackson. 
Dr Jackson, in particular, has named every spider I have captured. Mr W. J. 
Lucas has also been kind enough to allow me to use some of his notes. 
Even with all this help, it will be seen that certain groups (e.g. parasitic 
Hymenoptera) have been more or less neglected. 

Ill the lists given in the paper, the groups of animals are ahvays arranged 
in the same way; within each group the genera are arranged alphabetically 
and it is hoped that this may allow' those who are interested in some of the 
groups only to extract the information they require more easily. 

This paper cannot pretend to give the same amount of information about 
the succession of animal communities after felling as has been given in the 
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case of the plants^. Animal ecology, however, has been so nmch neglected 
in England that it was thought that any information about the animals 
would be useful in an area where the plants had been studied and where the 
vegetational seres identified are easily recognised elsewhere, especially since 
the plants must in any case be studied first. 

Although the succession of the animals has not been studied in detail, 
yet a certain amount of information on this subject has been obtained. 
Animal succession is probably of a different nature to plant succession. In 
the latter, as a general rule, dispersal mechanisms are good enough to allow 
all the candidates for a bare area to arrive fairly soon, and succession consists 
in the replacing of one dominant by another as the conditions become suitable 
for the various dominants. In tlie case of animals, however, where dominance 
does not exist, the species in a particular habitat tend to form communities 
attached to particular plants by a chain of food relations. In each case there 
are some small animals eating the plant and from that starting point there 
is a series of carnivores and parasites, the former of gradually increasing size. 
Such communities, of course, have many species in common and the largest 
carnivore, which may perhaps be a hawk, will be at the end of a large number 
of food chains leading to different plant associations. 

Animal succession then comes to mean changing the food chain attached 
to one dominant into another attached to its successor. To show this change 
accurately, the alterations in a definite quadrat would have to be recorded; 
but in the case of the animals time was not available for such detailed work. 
It has, however, been found that when a new dominant arrives, most of .the 
fauna attached arrives within a year or tw'o, and that sometimes the change 
in the fauna may be very complete and rapid. 

In many cases it has been found that the animal community has been 
slowly changing while the plant community has shown no comparable change. 
Thus during the colonisation of bare ground by Calluna, while Calhma spends 
several years in growing together to form a continuous carpet, the animal 
fauna is changing not only in its abundance but in its constituent species. 
The main factor responsible for this change is the gradual arrival of species 
with imperfect means of dispersal, though habitat changes may sometimes 
play a part as well. This lag in the occupation of suitable territory is, of 
course, showm in plants as well, but is probably rarely so marked as it is in 
animals. In the case of animals it becomes necessary as a consequence to 
make very careful comparative studies before the real causes of changes in 
the communities can be detected. 

The final arrangement of animals in chains leading to particular plants 
requires much more knowledge of the food habits than exists at present. The 
data for Oxshott are very incomplete and most of the foods given for the 
animals are taken from text books rather than discovered by observations on 
^ Sec the immediately preceding paper in this issue, pp. 203 - 243 . 
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tlie spot. This applies especially to the carnivores, the details of whose food 
habits are most in need of study. 

It seems to be true that, as a general rule, animals are attached to plants 
by some sort of food relation rather than by the need of similar habitat 
conditions. No doubt many examples can be given of animals whose distri- 
bution is controlled by definite edaphic or physiological requirements, but 
probably these are usually the species which, though highly characteristic of 
an association, are not the most common animals in it. The commonest 
animals in a plant community are often those most common elsewhere. Thus, 
in this account, all the animals associated with a plant dominant are treated 
together, though the plant may be growing in what, from the point of view 
of plant ecology, are several habitats. An animal community may also occur 
in very small areas owing to the presence of the plant with which it is associated, 
and areas which botanically speaking are fairly homogeneous and represent 
a definite plant community may contain several fairly distinct animal com- 
munities. 

The divisions used here are to a great extent those described and defined 
in ‘'Studies on the Ecology of English Heaths,'’ Parts i and ii (this Journal, 
12 , 1924, p. 287 and 14 , 1926, p. 203), dealing with the plant ecology of the 
district. 

1. DRY SERIES 
A. Bare areas. 

There are a number of animals that are characteristically found on bare 
sand. The most typical are the sand wasps, the fly Anthrax j and the tiger 
beetles, which often fly up as one walks across the Common. Normally such 
species inhabit paths, sandpits, etc., but at Oxshott there has been a great 
extension of their habitat. Few of the species live entirely on the bare areas, 
since most have to obtain their food from various plant commiiiiities, but 
many are controlled by the amount of bare sand available for nesting sites. 
A thick layer of humus usually makes a bare area unacceptable, so that for 
many species it is only the steeper slopes and the places where the humus 
has been burnt or blown away that are used. Since this community is merely 
an association of forms with similar nesting requirements, there is no regular 
food-cycle amongst its members. The species in Table I occur on dry, bare 
areas all over Oxshott Common, except in the pinewood which is too shady 
for most of them. Not enough data are available to determine the rates at 
which different species colonise new areas. The list of the bees and wasps 
includes only the most abundant species; it is hoped that this group will be 
more fully dealt with in a later paper. 
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Table I. Animals of hare sand. 


Species 

Bee Andrcna argcntata Sin. 

,, A. dorsata K. 

,, A. fulva Schr. 

,, A. fiiscipes K. 

,, A. gwynana K. 

,, A. o vatu la K. (afzeliella) 

,, A. sericea Schr. 

Digger wasp Cerceris areiiaria L. 

,, C- labiata F. 

„ C. rybyensis L. 

,, Ceropales macula ta F. 

Bee Collotes succinctus 'L. 

Digger wasp Orossocerus wesmaeli Yid.L. 
Diodontus miniitus F. 

,, ICvagetes bictolor Dep. 

Ant Formica fiisca L. 

Digger wasp Gorytes quadiifasciatus F. 

,, G. tumidus Pz. 

Bee Halietus havipcs F. 


Nesting place or other 
Food habitat 

Pollen and nectar (Calluna) Nests in flat, hard sand 
„ „ {Rubas, „ „ 

Epilobium) 

Pollen and nectar (Salix) „ 

„ „ \Calluna) „ „ ?? 

„ „ {Salix) „ „ 

„ „ (Eubus) „ „ 


Weevils 


Nests in sandy slopes 
Nests in sandy cliffs 


Small bees Nests in sandy cliffs 

A parasite of Psammochares 

Pollen and nectar {Calluna) Nests in flat sand es- 
pecially paths 


H. minutus Zett. 
H. morio F. 

H. prasinus Sm. 


Flies 

Aphides 

Spiders 

Insects and seci’ctions of 
aphides 
Homoptera 

Pollen and nectar {Calluna, 
Erica, Eubus) 

Pollen and nectar 


Nests in cliffs and. slopes 
Nests in sandy cliff’s 
Nests in flat sand 
Nests mainly under 
pine bark 

Nests in flat sand, or 
humus 


Nests in sandy cliffs 
Nests in flat sand 


Ruby wasp 
Bee 


H. prasinus Sm. ?? {Calluna, Nests in flat sand 

Erica) 

H. punctatissimus Sch. Pollen and nectar ( Ulex, ? 

Eubus) 

PI. rubicundus Chr. Pollen and nectar {Calluna, Nests in flat sand 

Eubus) 

H. villosulus K. Pollen and nectar (Yellow „ 

composites) 

Hedyohridium minutum Lep. Parasite of digger wasps ^ ^ . , 

Megaehilo circumciiicta Lep. Nectar and pollen (Subvs) Nests m flat sand 

M.'maritima K. » {Eubus „ „ 

and Lotus) 

n.,wen.<!;s L. Plies Nests in flat sane 


O 

M. maritima K. 


Nests in flat sand 


Digger wasp Mel linns arvensis L. 


Methoca ichneumonides Latr. Parasite of. tiger beetles 
Miscophus concolor Dahlb. Small spiders 
Mvrmosa melanocephala F. Parasite of other aculea 
Nomada raflpes P\ PaiVOiSito of Andrena fuse 


„ N. signata Pz. 

Puiby wasp Notozus panzeri F. 

Digger wasp Nysson dimidiatus Jur. 

„ N. inteiTuptus F. 

,, Oxybelus uniglumis L. 

,, Priocnemis parvulus Dahlb. 

,, Psammochares chalybeatus 

Schiodte 

,, Ps. fuscus L. (viaticus) 

,, Ps. nigerrinuis Scop. 

„ Ps. pectinipes V.deLind. 

„ Ps. plumbeus F. 

„ Ps. rulipes L. 

„ Psen shuckardi Wesm. 


Parasite of other aculeates 
Parasite of Andrenafuscipes 
Parasite of A. fulva 
Parasite of Psen 
Probably parasite of Gorytes 
tumidus 

Probably parasite of Q. quadri- 
fasciatus 

Flies ^ 

Spiders ^ 


Nests in flat sand (and 
cliffs) 

Nests in flat sand 


Parasite of its congeners 
Spiders (esp. Trochosa) 

Homoj)tera 


Nests in flat sand 

Nests in flat sand (also 
humus) 

Nests in flat sand 

Nests in flat sand and 
slopes 

Nests in flat sand 

Nests in flat sand and 
slopes 

Nests in flat sand 

Nests in flat sand and 
cliffs 
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Table I {continued). 


Species 

Saropoda bimaculata Pz. 


„ Sphecodes affinis v.Hag. 

„ S. gibbus L. 

„ S. di visas K. (similis) 

Bigger wasp Sphex (Ammophila) campes- 
tris Latr. 

„ S. (A.) sabiilosa L. 


Ply 


Tacliysphcx pectinipes L. 
T. iinicolor Pz. 


Anthrax fenestratns Fall. 


Food 

Pollen and nectar {Erka, 
Fubus, Fpilobmm) 
Parasite of Halictus 


Caterpillars (birch) 

„ (birch and 
Calluna) 

Grasshoppers 

Bipteea 

Parasite of grasshoppers 


, N esting place or oiMr 
. habitat 

Nests in flat sand 


Nests in flat sand 


jVIiltogramma punctatum Mg. Parasite of CoUetes 
Paragns tibialis Fall. ? Perhaps a parasite 


Sciapiis loewi Beck. 
Sphixapata conica Fail. 


Lai’va subterranean and 
probably carnivorous 
Parasite of MelUnm and 
probably of other digger 
wasps 

Lepidopteea 


Adult sits on ' bare 
ground 

Associates with small 
acuieates 

Adult often in rabbit 
holes 


Moth 

Salebria fusca Hw. 

Laiwa on Erica 

COLEOPTEEA 

On burnt areas 

Bung beetle 

Aphodius tristis Pz. 

Larva and adult on dung 

? Associated with 

Beetle 

Bembidiiim lampros Hbst. 

Carnivorous 

rabbits 


Byrrhus fasciatus F. 

? 

Trapped in rabbit holes 

Tiger beetle 

Cicendela campestris L. 

Carnivorous 

ti 

C. silvatica L. 



Bor beetle 

Geotrupes pyrenaeus Charp. Bung 

Associated with rabbits 


G. typhoeus L. 

>? 


Beetle 

Metabletus forcola Gyll. 

Carnivorous 



Microzoum tibiale F. 

? 

Hemiptera 


Bug 

Zicrona coeriilea L. 

? Carnivorous 

Orthoptera 

Associated with burnt 
areas .. . 

Grasshopper 

Tettix bipimctatus L. 

Herbs 

Acarina 

Flat , places, mostly 
damper parts 

Mite 

Erythraeiis regalis GX.K. 

? Carnivorous 

Arachnid A 


Spider 

Aelurillus insignitus Cl. 

Carnivorous 



Lycosa lugubris Waick. 




L, montieola C.Ii.K. 




L. nigriceps Thor. 

»»■ 



L. piiilata Clerck. 




L. tarsalis Thor. 

s» 


,, tf: 

Tarentula barpipes Sund. 
Trochosa piota Hahn. 




»> 

Opiolionida 

Lives in burrows in the 
sand 

Harvestman 

Oligolophus tridens 

Carnivorous 



Mitopus morio F. 

Mammalia 


Rabbit 

Oryctolagus cuniculus L. 

Short plants 

Mainly burrow's in bare 
areas. Penetrates the 


pinewood with its 
dung beetles 
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B. Callunetum. 

Tlie animal community associated with Oalluna is a very definite one, and 
seems to be mainly controlled by the plant rather than by any special edaphic 
or physiological conditions. Thus the fauna of Calluna in woods, in damp 
places, and in dry, burnt or unburnt areas, is very similar, particularly as 
regards the most abundant species. Erica cinerea and E, tetralix seem also 
to support practically the same set of animals, but probably more accurate 
observations would show differences. The description of the animal community 
associated with Calluna at Oxshott presents certain difficulties which are met 
with to some extent in the study of all the communities on the Common. 
The older, more or less permanent areas of Callunetum have been much 
interfered with by man and many typical animals are rare or absent. Many 
of these, however, occur in the now extensive new areas of Calluna^ and the 
list in Table II is made by combining the records. Obviously there is a great 
danger of recording as Callunetum animals those which really only occur in 
the early stages of colonisation. Probably further study, especially in other 
districts, would show which species were primarily pioneers. Many species 
have been found only in the older Calluneta and these may be absent from 
the newer areas for a number of reasons. First it is very difficult to be certain 
that the observations have been complete enough; many forms are difficult 
to find even when common, and many only occur as adults during a short 
part of the year. There are, however, two factors which are universally 
important, namely, the effect of the varying powers of dispersal and of 
different edaphic needs, 

(1) Dispersah A number of Calkma insects are unable to fly (usually 
owing to secondary loss of wings) and these do not occur as a rule in early 
stages of colonisation. The beetles Helops striatus Fourc. and Carabus catenu- 
latus Scop, are exceptions. Both are wingless, yet the former is always one 
of the earliest arrivals on a burnt area. The is well known to walk 

about a lot in the night and owing to its large size covers the ground quickly. 
The following wingless insects only occur in the older Callunetum including 
isolated patches in the felled area which escaped burning and represent slight 
openings in the old pinewood: the beetles Oihius myrmecophikis Kies., 
StropJiosomus coryli F., S. lateralis Pk. ; and the Leaf hopper TJlopa reticulata F. 
The last two species are common on most heaths, feeding on Calluna, Other 
forms are probably too small to fly far, except -ander favourable circumstances, 
e.g. the beetle Hypocyptus longicornis IPk, and the fly Limosina spp. Where 
trees were growing before the fire a few species escaped by crawling up the 
trees. Probably this was the case with the woodlouse Philoscia museorum 
Scop, which occurs under Calluna in the older areas and also under bark of 
burnt chestnut in parts of the Molinietum. In the same way escaped the 
larvae of a wingless moth, Luffia ferchaultella Stph. which fed on the lichens 
on the trunks. 
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(2) Edcmhic conditions. There are many other species which are only 
found on older Calluneta hut for whose distribution no definite reason can 
be dven. These species are given in Table III. The newer areas lack the 
dense, moist moss carpet that is found in well developed Calluneta and this 
must have an important effect on many species. Thus the mollusc Pokla 
radiatula Md&T only occurs in the moss, and beneath it the slugs lay their 
eg<^s. When Beiula grows up its leaves form an equally good cover tor slugs 


In woods near Oxford many of the larger Staphylinid beetles {Ocypus, 
Quedius, PMlonthas) are commonly found hibernating under moss in winter, 
often in very large numbers. Such beetles only occur at Oxshott on t ie 
Calluneta with moss, and this may be the controlling factor. Other insects, 
e.g. larvae of Syrphid flies and sawflies pupate under moss and might be 
similarly controlled. The species of spiders have very good powers of dispersal 
so that anomalies in their distribution ought mainly to be due to edaphic 
conditions. It will be seen that in the genera Leptyphantes, Centromerus and 
Walchenaera some species have not been found on the new areas, and these 
may Ibe controlled by tlie edapbic conditions. 

The beetles of the genus Bradycellus have a curious distribution. An 
isolated specimen of B. verhasci Duft. was found in the Molinietum. The 
Callunetum species are B. harpalinus Dj. and B. similis Dj. The former is 
mainly a pioneer which disappears or becomes rare in the later stages, while 
the latter is not uncommon in any Callunetum but does not colonise quickly. 
The following are the data for the two species. 

In the old heather on the south ridge B. harpaUmis is rare, wdiile B. simihs 
is often common, especially in winter. In the new areas in 1922 and 1923 
(i.e. for two years after the fire) only B. harpalinus occurred, and it was very 
abundant under Calluna. It also occurred commonly under charred pine bark, 
where B. simiUs is never found. The isolated relict areas of CaJlnna, probably 
contained B. similis in 1922-3, and in early 1924 B. similis was the commoner 
of the two there. On these areas their numbers are now about equal. In like 
manner B. similis appeared under the new Calluna in 1924 and seems now 
to have become the commoner species. Under Calluna on the damper areas 
B. similis seemed to arrive earlier. Apparently B. harpalimm is the best 
coloniser (both have well developed wings) w'hile B. similis needs the damper 
conditions which, when the moss carpet is continuous, drive out B. harpalinus. 

The detailed changes which result from a colonisation by Beiula have not 
been recorded. There is certainly a stage when the two communities arc 
present in alternating patches. A few notes have been made on the effect of 
Beiula leaves on the Calluna fauna. Certain forms, e.g. Slenas genwalaius Ci. 
and Amphigynus pioeus Marsh, are normal inhabitants of Calluna m the early 
stages of invasion. The latter beetle has not been found at Oxshott, perhajis 
because it is wingless, but it occurs on other London heaths. 1 he dead leii\ e.s 
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also favour mollusca, allowing them to lay their eggs in a damp situation. 
Some of the birch-feeding larvae may be found pupating under neighbouring 
CaMuna bushes. Probably most of the birds seen on the new Calluna areas 
really nest in the invading birches. A moth, A-ddalici intefjectanci B., also 
seems to be characteristic of the scrub stage of invasion, especially in hollows. 

The general habitat of most of the Cdllunci animals is on the ground 
beneath the bushes of heather. Nearly all moths hide in the bushes by day 
and can he beaten out. The exact habitats of the species in this list will 
therefore not always he given. There is a separate list of the dower visitors 
to Calluna, and to the species of Erica. Except when the heather is in flower, 
the animals are not at all conspicuous; nearly all the small forms, which hide 
under heather, are not conspicuous even when abundant. 

Table II. Animal comnmnily of tyf ical Callunetum {excep forms only 
found on long established areas). 

Species Food Habitat 

Hymbnopteba 

Wasp Eiimenos coarctata L. 

Ant Formica fusca L. 

Digger wasp Miscophus concolor Dahlb. 

Ant Myrmica riiginodis Nyl. 

„ M. seabrinodis Nyl. 

M. sulcinodis Nyl. 

Wasp Vespa vulgaris L. 


Feeds larva on caterpillars Makes a mud nest on 

heather 


Fly Aphiochaeta pulicaria Fall. 

,, A. mallochi Wood 

Chaetoneiirophora curvi- 
nervis Beck 

Cryptolucilia caesarion Mg. 

Enoplopteryx ciliatocosta 
Ztt. 

Euaresta conjuncta Lw. 

Gonia ornata Mg. 

Machimus atricapilliis Fall. 
Oscinis spp. 

Phaonia signata Mg. 

Scatella stagnalis Fall. 

” Scatophaga stercoraria L. 

,, Seiara sp. 

,, Sepsis, at least 2 spp. 

Hover fly Sphaerophoria scripta L. 

Crane fiy Tipiiia spp. 

p’ly Wagneria lugens Mg. 


Insects and secretions of 
aphides 

Heath spiders (Stemony- 
phantes) 

Insects and secretions of 
aphides 

Insects and secretions of 
aphides 

Insects and secretions of 
aphides 

Heather insects 

Diptera 

Larva a scavenger 

Larva on carrion 

Larva a scavenger 

Larva carnivorous 

Larva on some undeter- 
mined plant 

Parasite of Agrotis 

Larva and adult carnivorous 


Nests mainly under 
pine bark 
Nests in bare sand 

Nests under Calluna or 
pine bark. Especially 
damper parts 
As above but in dry 
places 

Nests under pine bark 
in dry places 
Nests in scrub and 
'wood areas 


Larva on grasses 
Larva ? scavenger 
? 

Larva ? scavenger 


Larva on aphides 
Larva subterranean 
Parasite of noctuid cater- 
pillars 


The species may be as- 
sociated with rabbits 

Adult under heather in 
winter 

Adult under heather in 
winter 

Adult under heather in 
winter 

Adult flies in early 
sirring 

Adult under Calluna in 
winter 

Adult under Calluna in 
winter 

Adult carnivorous main- 
ly in summer 

Adult under Calluna 

Adult on flowers 

Adult runs about on 
bare ground in Sept. 
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Table II {continued) 

Species Food 

Lepidopteea 

Acidalia strammata Tr. Larva on herbs 

Agrotis pronuba L. ?? 

A. tritieiL. n n 

AmpMsbatis incongmelia Stt. Larva on 
Anarta myrtilli L. ,> 

Aristotelia ericinella Lnp. >9 

Coleophora juncicolella Stt. „ 

Crambus culmellus L. Larva on grasses 

0. geniculeus Hw. « 

Einatnrga atomaria L. Larva on FHca an^ 


Adult hides in Calluna 
Adult visits Calhina 
Flies in early spring 
Adult visits Calltma 
flowers 


Eupithicia nanata Hb, 
Gelechia aflinis Lgl. 

G. ericetella Hb. 

G. unibrosella Z. 

Lasiocampa quercus L. 

Phoxopteryx (Ancylis) un- 
cana Hb. 

Pleurota bicostella 01. 

Plusia gamma L. 

Plutelia maculipennis Curt. 
Pterophorus monodactylus L. 
Salebria fusca Hw. 

S. palumbeila F. 

Scythris grandipennis Hw. 

S. variella Stph. 


Larva on grasses 

Larva on Erica and Legu- 
minosae 

Larva on Calluna and Erica 
Larva on mosses 
Larva on Calluna and Erica 
Larva ? on mosses 
Larva on Calluna and 
various trees 

Larva on Erica and birch 

Larva on Erica 
Larva on herbs 


Perhaps only a pioneer 


Adult hides in Calluna 
Adult hides in Calluna 


Commoner on damp 
parts 


Hibernates in Calluna 


Larva on Erica 

Larva on Calluna 

Larva on Ulex 

Larva on Calluna and Erica 


COLEOPTEEA 
Amara f amelica Zimm. Carnivorous 

A. familiaris Duft. » 

Anthicus antherinus L. Scavenger 

Brady cellus harpalinus Dj. Carnivorous 

B. similis Bj. if 

Calathus melanocephalus L. „ 

Carabus cateiiuiatus Scop. Carnivorous 

and snails) 

Coccinella 7 -punctata L. Aphides, etc. 

C. 11 -punctata L. ,, 

Cryptocephaliis fulvus Rumex acetosi 

Goez. 

Helops striatus Fouro. Larva camiv< 

Calluna 

Metabletus foveola Gyll Carnivorous 

Mycetoporus splendens „ 

Marsh 

Hotiophilus biguttatus F. „ 

Olisthopus rotundatus Ph . ,, 

Quedius hoops Gr. « 

Simplocaria semistriata F. /* 

Stenus atratulus Er. Carnivorous 

S. geniculatus Gr. « 

S. rogeri Kr. . 

Taohyporus chrysomelinus L. Carnivorous 

T. hypnorum F. « 

Xantholinus linearis 01 . „ 

Hemipteba 

Coranus subapterus Carnivorous 

Cymus melanocephalus Fieb. ? 


Carnivorous (worms 
and snails) 

Aphides, etc. 

Rumex acetosella 

Larva carnivorous under 
Calluna 
Carnivorous 


Carnivorous 


Carnivorous 


Adult hops about on 
bare ground 

Peihaps only a pioneer 
Especially damper parts 

jSfewer areas 
Older areas 

Perhaps more abundant 
where birch invades 


Adult hibernates under 
Calluna 

Adult in nearly all 
habitats 

Perhaps %vhere birch 
invades 

Especialty in wet places 

Does not arrive for two , 
years ' 


Damper places 
When Betula invades 
Damper places 
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Table II {continued). 

Species Food Habitat 

Hemipteea 

Bug Macrodema micropterum ' ? 

Curt. 

„ Nabis ericetoram Schltz. Carnivorous 

,, Orthotylus ericetoram Bail. Calluna and Erica 

„ Scolopostetbus decoratus Hhn. ? 

„ Trapezonotus arenariiis L. ? 

„ Triphleps nigra Wolff. ? Carnivorous 

Leafliopper Aeocepiialus albifrons L. ? Ckdluna 

Bsyllid Rhinocola ericae Curt. Calluna and Erica 

Mealy wing Aleyrodid ? sp. Vegetarian Very abundant under 

Calluna 

CoLLEMBOLA 

Springtaiis Collembola (unidentified) Very abundant, vegetarian 

Thysamira 

Campodea sp. Vegetarian 

Oethopteea 

Grasshopper Gompliocerus maculatus Herbs 

Thunbg. 

„ Metrioptera brachyptera L. „ Mainly damper places 

„ Tettix bipunctatus L, „ 

Arachnida 

Spider Centroinerus concinnus Thor. Carnivorous 

„ Leptyphantes tenuis BL „ 

„ Mangora acalypha Walck. „ Hamper places 

„ Bisaura mirabiiis Clerch. „ 

„ Stemonyphantes lineatus H. „ 

„ Tarentula barbipes Sund. „ 

„ Walckenaera nudipalpis „ Hamper places 

Westr. 

„ Wideria antica Wid. „ 

„ Xysticus cristatus Clerok. „ 

Opilionida 

Harvestman Phalangium opilio L. Carnivorous 

Acabira 

Mite Erythraeus regaiis C.L.K. Carnivorous Under Calluna and on 

bare soil 

Cbtjstacba 

Woodlouse Porcellio scaber Latr. Scavenger and carnivorous Newer areas 

ClIILOG-NATHA 

Centipedes Carnivorous 

Hiplopoda 

Millipedes ? Scavengers 

, . .. Anneeida 

Earthworm Vegetarian Hamper parts of felled 

■ ■ ■ ■ areas. , ■ 

: Beptilia 

Grass snake Tropidonotus natrix L. Carnivorous Hamper parts 

Avbs , 

Yellow Emberiza citrinella citrinella Chiefly plants 

Hammer L. 

Partridge Perdix perdix perdix L. Chiefly plants, insects more 

ill 'Summer ■ ' ■ ■ 

Stonechat Saxicola torquata hibernans Mainly insects 

. .. 'Hart. ' ' ■ ■ ■ ■ ■ ■ 

Mammalia 

Babbit Oryctolagus eiiniculus L. Herbs and Ericaceae 



Table III. Species found only on older Callunetum. 

1 = Older Calluna. 2 = Pinowood, Oalhma and E. MmlU 3=Beliot Oallmia in felled areas. 


Butterfly 


Ladybird 

Beetle 


Ant AcantliomyoiDS alicnus Insects and secretions of 1? 

Porst 1 aphides 

A. umbratus Nyl. 1 Inseote and secretions of 1 

’’ aphides 

Myrmica lobicomis Nyl. L 3 Insects and secretions of I 
’’ aphides 

Lepidopteea 

Butterfly Lycaena aegon Schifi. 1 Erica and Orni- I 

Bipteea 

Plv Limosina luteilabris ? Scavenger ^ 

Rdi. 1,2 

Sphaerocera subsaltans F. 1 „ 

COLEOrTERA 

Beetle Amara limicollis Schiod. 1, 3 Carnivorous 

A. trivialis GylL 1 » 

” Astiibus canaiiculatus F. 1 Ants 

La’dybird Chilocorus similis Boss, 1 ’Aphides 

Beetle Hypocyptus longicomis Pk. ? Scavenger 

*2, 3 ■ ■' 

Lochniaea suturalis Th- 1,2 Calluna BXid. Erica 
” Nebria brevicollis F. 2,3 Carnivorous 

” Oeypus ciipreus Ross. I jj 

■ ’ 0. olens Miill. 1 _ P 

0 thins myrmecophilus ? 

Kies. 2(3?) ^ . 

Philonthus marginatus F. 1 Carnivorous 

” P. politus F. 1 ^ »» 

Quedius molochinus Gr. 3 j, 

Q. nigriceps Kr. 2 ' 

Sipalia circellaris Gr. 1, 2 ? Carnivorous 

Strophosomus coryli F. 1, 2, 3 Vegetarian ^ 

” S. lateralis Pk. 1, 2, 3 Calhma and Erica 

Hemipteea , , 

Leafhopper Dicraneura variata Hardy 1 Vegetarian 

Ulopa reticulata F. 1,2,3 Calluna 

Orthopteba 

Cockroach Eotobius lapponicus L. 1,3 ’ Scavenger J 

Grasshopper Stauroderus bicolor Charp. Vegetarian 

1,3 

Abachnida 

Snider Agroeca proxiina Cambr. 1 Carnivorous 

^ Centronierus bicolor .Bi.. 1, 3 „ 

C. siivaticus BL 1 ^ ^ 

” Cheiracaiithium carnifex F. I, 3 „ 

” Lictynna aruiidinacea L. 3^ 

” Leptyphaiites ericaeiis Bl. 3 „ 

’’ Linyphia pusilla Sund. 3 ,, 

Micryphantes rurestris 
’’ aL..K. 1 

Nematognus obscurus Bl. 1 
Fvobertus iividus BL 1 ,, 

Walckenaera acuminata Bl. „ 

1, 3 

Opiltonjda 

Harvestman Nemastomum lugubre BL 2 Carnivorous 
„ Oligolophiis agrestis. 2 „ 

„ Platybuiius eorniger .Fr. 2 „ 

Crustacea 

Woodlouse Philoscia muscorum Scop. 1,2 ? Scavenger and carnivore 

Mollusoa 

Slug Eggs under moss. 1, 2 Vegetarian and scavenger 

Snail Polita alliaria MlilL 2 „ »» 

P. radiatula Aider. 1 


Nests in sand 

Nests under Calluna 
and moss 

Nests under Calluna 


Abundant on older 
Calluna 

Adnlts under moss 


’ Too small to fly far 


Wingless 


Wingless 


Wingless 

Short-winge 
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Table IV. Insect visitors of Calluna and Erica flowers. 


Ca,.= Calhiiia-. Ci. = Erica cinerea. T.—E.tetralix. W. =Worker. P. = Pemale. M. =Male. 


Bee 

Andrena argentata Sm. 

Hymknoftbra 

F. Ca. 

Cf, Table I 


A. fuscipes K. 

F. Ca. 


Hive Bee 

Apis meili.fera L. 

W. Ca. Ci. 

From surrounding 

Humble Bee 

Bombus agrorum F. 

W. Ca. Ci. W. F. T. 

houses. ATjry common 
The commonest one 


B. hortorum L. 

W. T. 

on T. 


B. joiiellus K. 

W. Ca. W. M. Ci. W. F. T. 


■>> 

B. iapidarius L. 

M. Ca. M. W. F. Ci. W. T. 

The commonest one 


B. lucorum L. 

M. Ca. M. W. F. Ci. W. T. 

on Ci. 

Very common on Ci. : 


B. ruderarius Mull, (derlia' 

- M. AV. T. 

the W. bites through 
the corolla at least 
of T. 


melius K.) 

B. s^d varum L. 

F. T. 



B. terrestris L. 

M. W. Ca. xM. Ci. W. T. 

Sometimes bites through 

Bee 

Colletes succinctus L. 

F. M. Ca. 

corolla but not seen 
to do so here 

Cf. Table I. An abun- 

Halictus flavipes F. 

M. Ca. F. Ci. 

dant Calluna bee. 

Cf. Table I 


H. minutus Zett. 

M. F. Ca. 



H. prasinus Smith 

F. Ci. 



H. punctatissimus Sch. 

F. Ci. 

« 


H. rubicundus Chr. 

M. Ca. T. 



Megachiie maritima K. 

M. Ci. 



M. willughbiella K. 

M. Ci. 

Cf. Table XXIX 


Nomada rufipes F. 

M. Ca. 

Cf. Table I 


Prosopis genalis Th. 

F. Ci. 

Cf. Table XXIX 


Saropoda bimaculata Pz. 

M. F. Ci. 

Cf. Table I 

Digger wasp 

Sphex ( Ammophila) sa bu - 

M. Ca. Ci. 


Fly 

losus L. 

Dipteea 

Conops quadrifasoiatus DeG. Ca. 

? Parasite of Humble 

Volucella bombylaiis L. 

F. Ca. T. 

Bees 

Commensal of Humble 

Moth 

Agrotis tritici L. 

Lepiboptera 

Ca. 

Bees 

Cf. Table II 


Anarta myrtilli L. 

Ca. Ci. 



Plusia gamma L. 

Ca. Ci. 



C. EpILOBIUM ANGUSTIFOLIUM. 

A small animal community is associated with tliis plant wherever it grows 
at Oxshott; in other places where the plant is more permanent (e.g. cut down 
woods near Oxford) there are rather more kinds of insects attached to it. 

Only one moth feeds on EpiloUmn at Oxshott, Mompha raschkiella Z. 
A single specimen was found in 1923. In 1924 it was common amongst 
particular patches of the plant, and in 1925 it was common throughout and 
locally abundant. The adult appears in July. The most important enemy 
of the willowherb, however, is a beetle, Haltica ohracea L. Two specimens 
were found in July 1924 in the Great Hollow. In the winter of 1924-5 the 
adults were found hibernating in great abundance in Polytrichum and Molinia 
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tufts in the damp areas. In late June 1925 the larvae were a plague on the 
leaves of Ejnlobiuni. The larva feeds on the underside and the lower leaves 
are attacked first. Short or young plants may be killed off, all the leaves 
being destroyed. On the area invaded by Calluna, where Epilobium grows to 
some extent in local clumps in .small hollows, almost every clump was infected 
and at least three-quarters of the plants in each clump. 

In the summer of 1924 a few plants in the Molinietum had the upper part 
of the flowering spike covered with a black aphid (not yet identified). This 
destroys the upper buds while the lower ones are in flower. Food is solicited 
from this aphid by the ant Formica fusca L. and it is eaten by the ladybirds 
(larva and adult) Coecinella l-functata L. and Adalia bifunctata L. and 



probably also by Syrphid larvae. The buds are also destroyed by the gall 
midge Perrisia efilobii F.Loew. which makes the buds swell up and fail to 
flower. These galls were common on 27. ix. 25. A spider, Erigone dentipalpis 
Wid., has been found to spin its web on Epihbmm. 

Table V. Insect visitors of Epilobium. 

Bee Andrena dorsata K. Male. Cf . Table I 

,, Apis mellifera L. Worker: by far tbe most iinportaiifc visitor 

Bombus agrorum F. Workers 

„ B, lapidaiius L. Workers 

,, B» lucorum L. Male and female 

„ B, pratorum L. Males. Only in sbrub areas on the S.E. side 

,, B, terrestiis L. Male and worker 

Digger wasp Cerceris arenaria L. Male, Cf, Table I 

„ 0. labiata F, „ ,, 

Bee Cilissa leporina Pz. Male 

„ Coelioxys rufescens Lep. Female. Fan\.site of iMefac/iile 

„ Halictus fiavipes F. Male. Cf. Table I 

Ruby wasp Hedychridium minutum Lep. Of, Table I 

„ Notozus panzeri F. Male. Cf. Table I 

Digger wasp Psen bicolor F. 

R unicolor V.deL. Of. Table XXIX 

Bee Psithyrus quadri color Lep. Parasite of B, pratorum L. and found in the 

■ ■ same situation •- 

„ Saropoda bimaculata Pz. Male and female coinmon 

„ Sphecodes divisus (similis) K. Female. Cf. Table I 

Dmeba 

Fly Catabomba pyrastri L, 

„ Sicus ferrugiiieus L. 

CoLEorrERA 

Beetle Adalia bipunctata L. 

„ Coceinella 11 -punctata L. 

H.EMIPTERA 

Bug Plagiognathus arbustoruin F. 

„ Triplileps nigra Wolff. Cf. Table II 

D. Deciduous woods. 

In the previous paper on Oxshott (this Journal, 1924, p. 304) a few moths 
were recorded from the mixed deciduous wood on the eastern boundary of 
the felled area. This community has since been much more fully studied. 
The most important trees for insects are Betula spp., Quemts, Alnus and 
Gastanea, All these have invaded the felled areas to a certain extent, though 
in this respect Beiula is much the more important. Gastanea, even when 
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common, has very few insects specially attached to it in England. The data 
are not sufficient to show the details of the colonisation of young birches by 
animals, so the following plan has been adopted. A special table is given of 
species found on four-year-old birches (6-12 ft. high) on 22. vi. 25. Fairly 
extensive records were made on this date, and no difference could be detected 
between birches growing in different plant habitats. Many of the species in 
this table are commonly recorded from young birches by other observers, but 
this may be because animals are easier to see on trees that are not too tall; 
no doubt, however, some are real pioneers. A second table will be given of 
species found on Oxshott Common connected with deciduous trees or the 
undergrowth of the woods they form. Lengthy as this list is, it can only 
contain a fraction of the species that really occur. In particular the ground 
fauna has hardly been examined. The insects have been found in the main in 
two ways. Firstly, they may be found sitting on the palings in the mixed 
wood. This, especially in the case of moths, gives a sort of random sample of 
the population of such a wood, though certain genera are never found. 
Secondly, by beating young birches, oaks, etc., on the felled areas. Many of 
the species may be found whichever method of search is employed and it is 
not yet possible to distinguish those that are especially pioneers. The insect 
visitors of certain plants, such as Riihus (Table XIV) or Teucriiim seorodonia 
(Table XI), which are specially common in birch scrub, are given separately. 
Certain animals are definitely associated with older birch woods, mostly 
species needing tree trunks for some part of their life history. Three lists are 
given: Trunk feeders, shown in Table VII by a symbol; Table VIII, inhabitants 
of PolypOTUS betuUnus which only grows on the older trees; Table IX, animals 
living under bark. This last habitat was greatly extended when many birches 
were killed by fire in 1921. suffered in the same way, and the bark- 

fauna of the two trees is given in one list. 

A few remarks have already been made on the effect of birch leaves on 
the Calluna fauna. In the case of the invasion of Molinia the inadequate 
data available are given in Table X. The most important effect is that wood- 
mice, almost certainly ApodemMs silvaticus (none caught), become very 
abundant. Mollusca become common and lay their eggs, and birch feeding 
insects pupate under Molinia tufts more or less covered with birch leaves. 


Table VI. Insects on young Betula. 22. vi. 25, 


Hymenopteea 

Sawfiy Croesus latipes Vill. Larva found 

Ant Formica fusca L. Attending aphides 

Digger wasp Psen shuckardi Wesm. Hunting for Homoptera 

Sawfiy Ehogogastera vividis L. ? Food 

„ Two unidentified larvae Feeding on birch 

Parasitic wasps Biaconids and Ichneumonids Abundant 
(e.g. Hemi teles spp.) 

Joum. of Ecology XIV 
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Table VI (continued). 




Diptera 

Chelipoda melanocephala F. Carnivorous. Common on underside of 

leaves 

CMlosia pagana Mg. ^ 

Contarma'betiilina Kieff. Galls common. Some with a parasite (Hym.) 

Empis livida L. Carnivorous. Rare 

Gymnoptemus aerosus Fall, ,, 

Hiiara interstincta Fall. „ <.» 

Microohrysa polita L. • 

Muscid flies of several kinds Abundant 

Phalacrotopliora fasciata Fall. Parasite of AdaJict bijmnctata 
Tachydromia minuta Mg. Carnivorous. Common 

T. fiavipes F, ? jj 

Lepidoptepa 



Deciduous trees (inci. birch) 
Larva on birch 
Larva found 


Moth 


Blotches in leaves very abundant 
Rare. Larva on birch 
Larva common on birch, etc. 
Rare. Larva on birch 


Aphides 

Leafhopper 


Table VII. Deciduous wood cmmnumly. 

Most of the Species recorded in Table VI are not rejicated here. 

*=Species ciiaractemtie of older woods 
§= Species lastmg into the pine wood 

Hymefoptera 

Cerceris arcnaria L. Preys on weevils on oak and birch. ( 

Ta])ie 1 

Croesus scptentrionalis L. Larva on de(nduous trees, e.g. lurch 

Exochilum brevicorne Gr. Parasite of cat(’rpil}a.rs 

Fenusa pygmaea Kl. Larva mines birch leaves (young hirciies) 

Meilinus arvensis L. Hunts for flies. Cf. Table 1 

Monophadnus aibipes Gmel. Larva on birch (young bireiuss)* 

Paururiis noctilio F. Larva on birch (wood) 

Passaloecus insignis V.deL. Hunts for aphids on oak and birch 

Psen unicolor V.deL. Hunts for Homoptcra. (Jf. Table 

Seolioneura betuieti King. Larva on lurch (young birches) 

Vespa germanica Fab. Nesting. Carnivorous § 

V. vulgaris L. „ § 


Digger wasp 
Sawfiy 

Parasitic wasp 
Sawfly 
Digger wasp 
Sawfly 


Digger 


Sawfly 

Wasp 
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Butterfly 


Butterfly 

Moth 


Butterfly 

Moth 


Dipteea 

Chrysopilus cristatus B. 

Dioctiia atricapilla Mg. 

I), hyalipennis E. (flavipes) 

Hylos culiciformis E. 

H. femoratus Mull. 

Mesembrina meridiana L. 
Medeterus trancoram Mg. 

Oedalea holmgreni Ztt, 
Pipunculus zonatus Zett. 
Platycnema pulicaria Fall. 
Sciapus platypteras Lw. 
Sphaerophoria scripta L. 

Syrphiis torvus O.S. 

S. tricinctus Eall. 

Volucella pelluceus L. 


Larva carnivorous and subterranean 
Carnivorous 


Scavenger 

Carnivorous on trunks*^'! 

Carnivorous 

Parasite of Homoptera 


? Carnivorous 
Larva on apliides 


Acalla ferrugana Tr. 

Acidalia aversata L. 
Acronycta psi L. 

Adopaea sylvaniis Esp. 


Agrotis pronuba L. 

Aplecta nebulosa Esp. 
Argyresthia brockeella 
A. geodartella L. 

A. glaucinella Z. 

A. retinella Z. 

Boarmia consortaria E. 

B. gemmaria Brahm. 
Borkhausenia lunaris Hw. 
Cacoecia lecheana L. 

C. xylosteana L. 

Cabera pusaria L. 
Camptogramma bilineata L. 
Capua angustiorana Hw. 
Carcina quercana E. 
Chiinabache fagella F. 
Celastrina argiolus L. 
Coleophora bicolorella Stt. ? 

C. lutipennella Z. 

Crambus pinellus L. 

Elachista cygnipennella Hb. 
Endotricha flammealis Schiff. 
Epiblema bilunaiia Hw. 

E. similana Hb. 

E. solandriana L. 

Eriocrania sp. undescribed 
E. purpurella Hw. 

E. salopiella Stt. 

E. senipurpurella Stph. 

E. unimaeulella Zett, 
Euchloris pustulata Hufn. 
Euchoeca obliterata Hufn. 
Eupoecilia nana Hw. 

Eumea casta Pall. 

Gelechia luculella Hb, 

G. proximella Hb. 

G. umbrosella Z. 

Geometra papilionaria L, 
Gonepteryx rhamni L, 
Gracilaria alchiiniella Sa. 
Grapholitha ramella L. 

G. trimaculana Don. 


Commensal of wasps 
Lepidopteba 

Larva on birch, abundant in rolled leaves 
of young birches. Autumn 1925 
Larva on herbs § 

Larva on deciduous trees. Pupa under 
chestnut bark 

>. Larva on grasses. Adult on flowers, e.g. 

Rubiis 

Larva on herbs 
Larva on deciduous trees 
, Larva on alder 

Larva on alder and birch § 

Larva on oak bark 
Larva on birch § 

Larva on oak 

Larva on deciduous trees § 

Kw, Larva on decayed wood 

Larva on deciduous trees 


Larva on herbs 

Larva on deciduous trees 

Larva on oak 

Larva on deciduous trees 

Larva on holly and ivy 

Larva on birch and alder (young birches) 

Larva on oak 

Larva on ? grasses 

Larva on grasses 

Larva on dead leaves 

Larva on birch catkins § 

Larva on birch (young birches) 

Larva on alder 

Larva on birch (young birches 3-4 years) 


Larva on oak 

Larva on alder 

Larva in catkins of bii’ch 

Larva feeds on I’efuse, pupates on tninks*§ 

Larva on oak 

Larva on birch 

Larva on mosses 

Larva on deciduous trees 

Larva on Rhamnus 

Larva on oak 

Larva on birch (young birches) 

Larva on elm 

, 17 — ' 
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Table VII {continued), 

Lekdopteba 



Larva on sycamore 

Larva on deciduous trees 

Larva on birch (young birches) 

Larva on Rosaceae 

Larva on bireh (young birches) 

Larva on gaiiun 

Larva on beech 

Larva on oak 


Hedya dealbana Frol. 

H. oceilana F. 

Heliozele betulae Stt. 
Incurvaria muscalella F. 

I, pectinea Hw. 

Larentia viridaria F. 
Lithocolletis faginella Z. 

L. messardella Z. 

L. quercifoliella Z. 

L. ulmifoliella Hb. 

Luffia ferchaultella Steph. 
Lyonetia clerckella L. 
Monopis feniginella Hb. 
Notocelia uddmanniana L. 
Oleuthreutes corticana Hb. 
0. iacunana Dup. 

Omix betulae Stt. 
Pandemis ribeana Hb. 
Paedisca corticana Hb. 
Phalera bucephala L. 


Larva on birch (young birches) 

Larva on Lecanora varia, etc., on trunks*§ 
Larva on deciduous trees 


Larva on Btihus 
Larva on birch 
Larva on Btibus, etc. 

Larva on bireh (young birches) 

Larva on deciduous trees 
Larva on oak 

Larva on birch, etc., defoliating a youn| 
birch in vii. 23 

Salebria betulae Goeze. Larva on bireh (young birches) 

Scoparia ambigualis Tr. Larva on moss. Adult hides on trunks*! 

S. frequentella Stt. « 

Swammerdamia heroldella Tr. X^arva on bireh. Adult hides on trunks 
Talaeporia tubulosa lietz. I^arva on lichens on trunks*! 

Tinea parasitella Hb. Larva in birds’ nests 

T. semifulvella Hw. „ 

Tischeiia complanella Hb. Larva on oak 

Tortrix loeflingiana L. Larva on deciduous trees (young birches)! 

T. viridana L. Larva on oak 

Xenolechia humeralis Z. ? 

OOLEOPTEBA 

Athens haeraorrhoidalis F. I^arva on roots! 

Attelahus curculionides L. Larva on young oak 

Bytiirus tomentosus F. Larva in flowers of Enbtt^i 

Coccinella 7-punctata L. Larva feeds on aphides! 

C. 10-punctata L. „ „ ! 

Cryptocephalus parvulus Mull. Larva on bireh 
Emobius mollis L. (agg.) ? 

Halyzia 18-guttata L. I^arva on aphides! 

Hoplia philanthus Fiiss. Larva on roots of plants 

Luperiis rnfipes Scop. Birch 

Phyilobius argentatus L. Deciduous trees 

P. pyriL. ^ „ § 

t^hyilodecta vitellinae h, Ijarvac on asj^en 

Rhagonycha fiilva Scop. Preflaeeous 

Serica brunnea L. T^arva on roots 

Strangalia armata Hbst. Larva on decaying wood 

Hemipteba 

Aetorhinus angulatus Pall. Young birches 

Anthoeoris nemorum L. Aphides 

Deraeocoris ruber L. Rubus and various herbs 

Orthotylus flavinervis Kb. Alder 

Plagiognathus chrysanthemi Various herbs 

Wolf. 

P. arbustorum F. Various herbs (e.g. Tencrimn) 

Aphrophora alni Fall. Deciduous trees 

Batracomorphus lanio L. Oak 

Psyila forsteri Plor. Alder 

Neuboptera 

Chrysopa perla L. I-iarva on aphids (young birches) 


Leafhopper 


Lacewing 
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Cuckoo 

Bobin 


Green Wood- 
pecker 
Stonechat 


Springtail 


Table VII [continued) 

Aoarina 

Eriopbyes nalepai Eocken Gall on alder 

Arachnida 

Epeira diadema L. Web on young birches 

AvES 

Cuculus canorus canorus L. Insects 

Erithacus rubecula melopMlus „ 

Hart. 

Garnilus glandarius rufitergum Mainly a general carnivore*§ 

Hart. 

Pious viridis virescens Brehm. Ants, etc.*§ 

Saxicola torqiiatus hibemaus Mainly insects 

Hart. 

Mammalia 

Apodemus silvaticus L. (Probably) mainly herbivorous 

Table VIII. Inhabitants of Polyporus betulinus 

Hymenopteba 

A Proctotrupid beetle parasite 

Coleopteba 

Atheta aequata Er. ? Carnivorous 

A. caiita (parva) Er. „ 

A. fungivora Th. „ 

A. sericea Mills. „ 

Cis bilammellatus Wood. Fungus 

Coninomus nodifer Westw. ^ ^ „ 

Litargus eonnexus Geoff, (bifasciatus) „ 

Octotenmus glabriculus Gy 11. „ 

Proteinus ovalis Steph. ? Carnivorous 

COLLEMBOLA 

Collembola common Vegetarian and scavenger 

Table IX. 


Animals under bark of dead birches (B.), and chestnuts (C.) 


Depteba 

Larva of Forcipomyia pallida 0. (B. 
Winn. 

Coleopteba 
Atheta aequata Er. B. 

Cerylon histeroides P. B. 

Cis vestitus Mel. B. 

C. villosulus Marsh. B. 

Ditoma crenata F. B. 

Dromius quadrinotatus Pz. C. 

Helops striatus Fourc. C- 

Homalium rivulare Pk. C. 

Litargus eonnexus Geoff. C. B. 

(bifasciatus) 

Melasis buprestoides L. C. 

Ocypus mono Gr. C. 

Pteryx suturalis Heer. B. 

Phyllodrepa viHs Er. C. 

RMnosimus planirostris F. C. 

Bhizophagus bipustulatus F. C. B. 

Scolytus intricatus Batz. C. 

Silpha atrata L. C. 

Silvanus unidentatus 01. B. 


? same species). Scavenger 


Scavenger 
Larva carnivorous 
Fungus eater 

Larva carnivorous 
Carnivorous 

? Scavenger. Larva, cf. Table II 
? Carnivorous 
Fungus eater 

Botten wood of deciduous trees 

Carnivorous 

Fungus eater 

Fungus eater? or carnivorous 
? 

Carnivorous on bark beetles 
Wood of deciduous trees 
? Carnivorous 
Larva ? carnivorous 



■■ 


Springtails 


Snake fly 
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Table IX {continued). 

Hemipteea 

Aneuris laevis F. C. I 

l^iezostetliiis cursitans Fall. B. ? Carnivorous 

Xylocoris ater Buf. C. 

COLLEMBOLA 

Coilemboia (unnamed) abundant C. B. Wood and fungus 
Thysanobtera 

Thri|)S (unnamed bark species) C. ? 

Nexjropteba 

Rhapliidia sp. C. B. Larva carnivorous under bark 

Arachnid A 

Epeira umbratica Clk, C. Lives under bark, but catches insects 

from outsiile 

Salticus scenicus Clk. C. Hibernates under bark, in summer 

hunts on trunks 
C. Carnivorous 


Woodlouse 


Zilla atrica C-L-Iv. C. Carnivorous 

Crustacea 

Philoscia muscoriim Swp. 0. ^ Scavenger and I carnivorous 

Porcellio scaber Latr. 0. B. ,, „ 


Mollusca 


Poiita alliaria Mull. 


C. B. Scavenger 

B. 

B. „ 1 


Centipede 


Woodlouse 


Table X. Animals found in Molinia tvith dead birch leaves. 

Inner circle 26. xii. 25. 

Diptera 

Limosina moesta Villen. ? Scavenger; abundant 

COLEOPTEBA 

Notiophiius biguttatus F. Camivorous 

Oloplirum piceum Gyil. „ ? 

OtMus myrmecophilus Edes. „ ? 

Chilognatha 

Scolopendra sp. Carnivorous. Common 

Crustacea 

Philoscia inuscorum Scop. Scavenger and carnivorous. Common 

Mollusca 

Eggs probably of slugs Common 

Mammalia 

Apodemus silvatieus L. (probably) Runs very numerous, Mainly vegetarian 

Table XI. Insect visitors ofTeucrium scorodoma. 

M. =Male. F.= Female. W.= Worker 
Hymenoptera 

Humble Bee Bombus agrorum F. W, Common 

B* hortorum L. M. „ 

B. lapidarius L. M. 

B. lucorum L. M, 

B. ruderarius Miill. (derhamellus K.) W. 

Saropoda bimacuiata Pz. M. F. Common 

Dipteea 

Hylos cuHciformis F. Cf. Table VII 












O. W. Richards 


26.3 


E. The GtREat Hollow. 

In its animals, just as in its plants, this area has a special character. The 
greater number of the animal communities on the Common are represented 
in it. It is of interest to note that just as colonisation by oak, birch, and 
Castanea has proceeded further here than elsewhere, so the animals of deciduous 
woods are better represented. Some, such as Scoparia spp., are mainly typical 
of older woods, and others such as Endotricha do not 

arrive, as a rule, till fairly late in succession. The peculiar character of the 
hollow, however, is probably most clearly seen in the greater abundance of 
insect life in general. This it probably owes mainly to its sheltered position, 
but partly to the fact that it acts as a trap to many of the smaller forms. The 
damp spots at the bottom of the hollow, besides allowing Juncus to grow, 
support several animals which are characteristic of the wetter areas (see 
Table XII). 


Digger 

Wasps 


PINE 



I Moths j 
fgaterplTTa^ 


ISyrpMds 


llchneumons 


Digger 

Wasps 


Spi<^ers | 
IPsammochares 


Fig. I. Pood-cycle on young pine. 

At the other end of succession there has been a considerable growth of 
Finns and a number of pine insects have been recorded, The regular pine 
ant, however, FoTmica rufa L. has not yet arrived. The most important 
herbivore on the pines is the aphid DiZacAm/s fini L. This is fed on by bugs 
{Anthocoris nemorum L.), ladybirds, and syrphid larvae. Spiders build their 
webs all over the pines and catch the winged individuals of the aphides, and 
also the adults of their enemies. The various digger wasps which visit the 
aphides for their secretions also get caught by the spiders. Finally digger 
wasps prey on the spiders. Such a community can be found on most of the 
young pines, even isolated ones in the damp areas, but is best developed in 
the Great Hollow. A rough diagram of the food relations is given in Fig, 1: 
the species concerned will be found in Table XIII. 

Probably parasites rather than carnivores are the main check on many of 
the animals. But since the parasites are probably often controlled by carni- 
vores the diagram represents a broad approximation to the truth. Thus, when 
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a spider is said to eat a motti, it may often eat mainly the parasites of the moth. 
As far as the total food supply is concerned the result is the same. The moth 
minia which feeds on the pine is particularly important because the larvae 
destroys the growing tip; if the moth were sufficiently abundant it might 
retard growth, enough to modify or at least slow down succession. 

When Finns invades a birch scrub successfully a few of the birches 
generally survive in the pinewood. These continue to support a number of 
the birch insects; in Table VII such insects, still remaining in the pinewood 
at Oxshott, are marked with a symbol. 

Table XIL Animals typical of wetter areas 'which ocawr in the 
Great Hollow. 

LBPIDOrTEilA 

Moth Coleophora eaespititiella Z. Larva on J uncus effums 

Goleopteba 

Beetle Cropidodera ferrugiiiea Scop. Vegetarian 

„ Cytilus varius F. 

Hemipteba 

Bug Nabis rugosus L. Carnivorous 

Leafhoppcr Phiiaenus lineatus L. V egetarian 

Amphibia 

Toad Bufo vulgaris aur. L. (?) Young (perhaps really the Hatterjack B. 

cakimiia Laur.) 


Table XIII. Animals on young pines in the Great Hollow, 

Hymenopteea 

Ant Acanthomyops nigor L. Secretions of aphides 

Digger wasp Crossoccrus wesmaeli V. de Lind. Secretions of aphides. Of. Table I 

Ant Formica fusca L. „ „ „ 

Digger wasp Oxybelus unigiumis L. „ „ „ 

„ Psammochares fuscus L. (viaticus) Catches spiders for its larvae 

and spp. 

„ Psen spp. Secretions of aphides 

„ Sphex sabulosa L. Caterpillars, e.g, larva of Faftolis 

Bees Various bees coming to secretions 

of aphides caught by spiders 
Parasitic wasps Numerous ichneumons (unnamed) 
are similarly caught 

Bipteea 

Fly Syrphus vitripennis Mg. and spp. Larva on aphides 

Lepibopteba 

Moth Gelechia dodeceila L. Larva on Fi/iii*’ 

„ Ocnerostoma piniariella Z. „ 

„ Panolis griseovariegata Goeze „ 

,, Retinia buoliana Schiff. „ 

COLEOPTEBA 

Ladybird Adalia bipunctata L. Aphides 

Anatis ocellata L. „ 

Coccinelia 7 -punctata L. „ 

Exoohamus quadripustulatus L. „ 

Myelophilus piniperda L. Burrows in shoots of 

Anthocoris nemorum L, Aphides 

Dilachnus pini L. Pinm. (Probably there arcv o^t^^ 

species of aphides) 

Abaohhiba 

Agelena labyrinthioa Cl. Insects. Very common in summer 

Lmyphia triangularis CL Insects. Autumn 


Beetle 

Bug 

Aphid 
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2. DAMP SERIES 


A. Aquatic communities. 

The Black Pond is the only large permanent body of water on the Common 
and has a rich aquatic life, forming a relatively self-contained community, 
which, however, has scarcely been studied. The dragonflies which breed 
there range all over the Common, becoming more abundant as the pond is 
approached, so that there must be a gradient in whatever biotic efiects these 
highly carnivorous insects produce. Most of the dragonflies recorded have 
been seen by me and are common; others are recorded by Lucas (1900) as 
common at the right time of the year. A number of other species, only 
occurring as strays, have not been included. The incompleteness of the 
records for the Black Pond is obvious in the list, where practically no food 
for the various carnivores is recorded. The reed swamp on the edge of the 
pond, also, has not been much investigated; the data for the pond and its 
margin are given in Tables XIV and XV. The Black Pond is of further 
importance in being at least the main source of insects for all the temporary 
pools. 

These pools fall into a number of classes depending on their degree of 
permanence (which is usually correlated with their depth) and their distance 
from the Black Pond. 

The shallower pools were first developed on the bare burnt soil of the 
Molinietum. When they dried up a dense carpet of Funaria, and later 
Polytfichum^ was formed. If shallow pools are formed on this carpet they are 
unfavourable to animal life, and in any case the moss is so absorbent that 
there is little free water. Such pools, therefore, are a feature of early stages 
in succession (see Table XVI). 

Deeper pools (9 in. to 2| ft.) are much more permanent, but they may dry 
up completely two or three times in the course of the summer. When they 
dry up they are carpeted by Juncus swpinus, not by mosses. Such pools 
occur throughout the Molinietum and they have quite a rich fauna, especially 
when situated near the Black Pond. A number of insects are able to breed 
in the deeper pools and not in the shallower pools. The number of kinds and 
individuals of insects present depends directly on the length of time since the 
pool was last dried up. At the end of the wet summer of 1924 they had a 
particularly rich fauna (see Tables XVII and XVIII). 

The work of Harnisch (1925) in Germany, Wesenberg-Lund (1921) in 
Denmark and Johannsen (1921) in Arctic Canada, shows that the community 
inhabiting such pools is very similar throughout the northern palaearctic 
region. Wesenberg-Lund has given an interesting account of the enemies of 
the mosquito larvae and pupae which are one of the main links in the food 
chain. A very tentative and incomplete food-cycle for the pools is given in 
the diagram (Pig. 2), The food relations are complicated because, in the case 
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of most water beetles and other aqnatic insect larvae, it is almost certain that 
the main factor deciding the food of the carnivore is its size. Many larvae 
are cannibals and will eat smaller larvae of their own species. A scheme has 
been adopted which attempts to show the relation of size to the food chain. 
Among the beetles there are three main sizes, though these are not, of course, 
sharply marked off, represented by Hydroporus, Agabus and Colgmbetes- 
Dytiscus respectively. The largest type of larva, of course, grows through all 
the other sizes. In the diagram the thick vertical line represents the surface 
of the water. The horizontal line divides the aquatic community into carni- 
vores and refuse-eaters. The vertical dotted lines divide the animals into four 
size-groups, representing either different sizes of the adults, or sizes passed 
through by growing larvae. The carnivores in any one size-group will eat all 
the carnivores smaller than themselves, and any refuse-eater up to their own 
size. Thus a carnivore will eat any other carnivore to the left of it in the 
diagram and any refuse feeder to the left of it or vertically beneath. Further 
investigation would probably show that specialisation exists amongst the 
carnivores in their choice of food and also perhaps that the largest forms would 
neglect the smallest food animals and only pay attention to those nearer to 
them in size. 


Table XIV. Animals noticed in the Black Pond. 


Bugs 


Ai’ctocorisa fabricii Fieb. 
A. Meroglyphica Diif. 

A. moesta Fieb. 
Callicorixa praeusta Fieb. 
Oorixa geoffroyi Leach 


Caddis 


Phryganea varia F. 
Polyceiitropodidae ? 


Hemiptera 

Scavenger and ? partly carnivorous 


Teichoeteea 
Larva caraivorous 


sp. 


Dragonfly Aesclina cyanea Mull. 

„ A. grandis L. 

„ A. juncea L. 

„ A. mixta L. 

„ Agrion puella L. 

„ Anax imperator Leach 

„ Cordulia aenea L. 

„ Enallagma cyathigerum 

Charp. 

„ Leucornmia dubia Lind. 

„ Libellula depressa L. 

„ L. quadrimacuiata L. 

,, Pyrrhosoma nymphyla Sulz. 
„ pfteneUaViU. 

„ Sympetrum scoticum Don. 


Moorhen Gallinula chioropus chloro- 
pus L. 

Coot Fulica atra atra L. 


Odonata 
Larva carnivorous. 


Adult carnivorous above pond, etc. 


Avss 

Mainly acjuatic plants 



Studies on the Ecology of English Heaths 


Table XV. Animals in the reed swamf at the edge of the Black Pond. 

Dipteea 

Fly Leptis scolopacea L. Larva subterranean, carnivorous. Adult carnivorous 

Lepidopteba 

Moth Crambus pascuellus L. Larva on grasses 

„ C. pratellus L. 

„ 0. tristellus F. j-. 

COLEOPTEBA • 

Beetle Aoupalpus meridianus L. Carnivorous 

„ Coccidula rufa Abst. „ 

„ C. scutellata Hbst. „ 

Cyphon padi L. Larva a<j[uatic ? carnivorous 

„ Plectroscelis concinna Marsh. Cruciferae 

Aves 

Snipe Capeila gallinago gallinago L. Subaquatic insects, worms, etc. 


Table XVI. Shallow temjm-arg pools. 

COLEOPTEBA 

Agabus bipustulatus L. Carnivorous 

Helophorus a.ffiriia Marsh.. ? Vegetarian. This species may even occur in foot- 

marks 

Hydroporus melanarius Stm. Carnivorous 

H. planus F. „ 

H. pubescens Gyll. Carnivorous. This species may aestivate in the dried 

mud 


Beetle 


Table XVII. Deeper temporary pools ivith Juncus supinus. 

Dipteea 

Mosquito Aedos annulipes Mg. Larva vegetarian and scavenger 

Gnats Chironomids. None identified 

Fly Caenia albiila Mg. ? Adult on the surface. 

„ Campsicnenms scambus Fall Carnivorous, on the surface 

„ Dolichopus vitripennis Mg, „ „ 

„ Hydrophorus bipunctatus Lehm. „ „ 

„ Octhera mantis DeG. »> 

COLEOPTEBA 

Beetle Acilus sulcatus L. Carnivorous, on the surface 

„ Agabus chalconotus Pz. Carnivorous (especially where tlicre is much 

dead grass) 

„ A. bipustulatus L. Carnivorous. Very common 

„ Anacaena limbata F. ? Vegetarian 

„ Berosus luridus L. „ 

„ Colymbetes fuscus L. Carnivorous. Common 

„ Dytiscus marginalis L. „ 

„ Gyrinus natator Scop. Carnivorous, on the surface 

„ Helochares punctatus Shp. ? Vegetarian 

„ Helophorus affinis Marsh „ 

„ Hydroporus discretus Fair. ’ Carnivorous 

„ H. erythrocephalus L. „ 

„ H. gylienhali Schiodte „ Common 

„ H. neglectus Schaum. „ 

„ H. planus F. „ 

„ H. pubescens Gyll. „ Common 

„ Ibybius aenescens Th. Carnivorous 

,, Bhantus Mstriatus Berg. „ 

„ B. pulverosus Steph. „ 
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Table XVII {continued) 

Hemipteba 

Bug Arctocorisa fabricii Fieb. ? Scavenger and partly carnivorous. Common 

A. fallenii Fieb. „ >> » 

A. Meroglyphica Duf. »» >» »» Common 

A. limitata Fieb. »j »» ^ 

A. moesta Fieb. „ „ .. Common 

’’ A. sahlbergi Fieb. >» 

A. semistriata Fieb. ?» »> » 

A. striata L. » >? ” 

Callicorixa praeusta Fieb. „ » 

” Corixa geofiroyi Leacb „ ,, ^ Common 

\ Hygrotrechus (Gerris) paludum F, Carnivorous, on the surface 

Limnotreohus (G.) gibbifer Sebum. „ j) 

;; L. laoustris L. >. .. Common 

L. odontogaster Zett. » » 

” Notoneota fureata F. Carnivorous 

” N. glanoaL. .. Common 

N. halophila Edw. (viridis Dele.) 

” N. maculataF. Common 

Ephemebopteba 

Mayfly Chloeon dipterum L. Larva vegetarian 

Odonata 

Dragonfly Sympetrum sp. Larva carmvorous 

Abachbida 

Spider Tetragnatha sp. Carnivorous, on rushes at edge 

Amphibia 

Frog Rana temporaria L. Carnivorous (not breeding here?) 

Table XVIII. 7w Jimcus supinus 0 / (ZneiZ pools. 

Lepidopteba 

Mnth Coleophora glaueicolella Wood Larva on d«?icMs 

Gliphipteryx thrasonella Scop. » Abundant 

Coleopteba 

Beetle Aculpalpis dorsalis F. Carnivorous 

Bembidium lampros Hbst. 

Pterostichus diligens Stm. 

P. nigrita F. 

” Hemipteba 

Bug Acanthia saltatoria L. 

Limnotrechus gibbifer Sehum. 

Cbhstaoea 

Woodlouse PoroelliosoaberLatr. Scavenger and carnivorous 

Abachnida 

Spider ErigoneatraBl. Carnivorous 

Another set of animals lives in the drains that were dug across the Common 
after felling. In the drains which are choked with dead leaves of Molinia 
the only insect that has been noted is the beetle Agabus chalconotus St. Many 
of the drains however are more like smaE streams and have a proper aquatic 
vegetation, consisting of Olyeeria fiwitans, Polygonum polygonifohus mi much 
S'^rogym. Similar ditches on other London heaths have been found to have 
a nearly identical fauna (Table XIX). The edge of these drains has also a 
very characteristic set of animals, some of which are found nowhere else on 
n^mTuou (Table XX). A number of flies with aquatic or semi-aquatic 


Carnivorous 

(Aestivating) 
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larvae probably breed in these ditches. The adults are either flower-haunting 
bee-flies (Eristalis) or blood-suckers (Tabanids) and are found all over the 
Common. The species that have been recorded are given in Table XXI. 


Table XIX. Insects in the ditches. 


Fly 


Beetle 


Bug 


Dragonfly 


Caddis 


Gymnoptemus nanus Mcq. 
Hydrellia griseola .Fall. 
Limosina huinida Hal. 
Parhydra aquila Fall. 

P. eoarctata Fall. 

P. quadripunctata Mg. 

Agabus bipustiilatus L. 

A sturmii Gyll. 

Anacaena globulus Pk. 

A. limbata F. 

Helophorus affinis Marsh. 
Hydrobiiis fuscipes L. 

Aretocorisa fabricii Fieb. 
A. sahlbergi Fieb. 

Velia currens F. 


Diptera 

Carnivorous 22 

Larva on grasses 11 
? ' 24 

? 2 ! 


9 

sj 


stream wil-h dense growth of 
Glyceria in liie mixed wood. 
The numbers give proportions 
of a random sadiipie from the 
surface 


COLBOPTERA 

Carnivorous 

„ Common 
? Vegetarian 


Aeschna juncea L. la. 
Agrionid la. 


Polyeentropodidae la. 


Hbmiptera 

Scavenger and ? partly earnivoroiis 

yj »» 

Carnivorous, on the surface 
OnONATA 
Carnivorous 


Teichoptera 

Carnivorous 


Table XX. In vegetation at the edges of ditches. ^ 


Beetle 


Springtails 

Woodlouse 

Spider 


COLEOPTERA 
Agononum oblongum F. 
Bembidium lampros Hbst. 
Lathrobium brumiipes F. 

L. terminatuin Gr. 

Olophrum piceum Gyll. 
Pterostichus minor Gyll. 

P. streniiiis I’z. 

Stenus ossium Steph, 

S. rogeii Kr. 

COLLEMBOLA 
Collembola common 

Crustacea 
Porcellio seaber Latr. 

Araghkida 

Centromerus prudens Cambr. 
Walckeraera nudipalpis Westr. 


Carnivorous 

„ , Common 

r Common 

’^■^ege tariaii and scavenge rs 
Scavenger anti partl,\' carnivorous 
Gamivorous 


Table XXI. Diftera with aqtiaiic or sabaqnafic larvae. 


Fly 


Chrysops coccutiens L. 

Eristalis arbustorum L. 

E. intricariiis L. 

E. pertinax Scop. 

E. tenax L, 

Haematopota pluvialis L. 

Helophiliis hybridus Lw- 
Sericomyia borealis Pail. 

Tabanus bromius L. 

T. sudeticus Z. 

Therioplectes distinguendus Verr. 

T. tropicus Mg. var. bisignatus Jaenn, 


Larva carnivorrms. Blootlsueker 
Larva scavenger, (3n ilowers 


Larva carnivorous. Adult a bloodsucker 
Larva scavenger. A<hilt on fiowfU’s 

Larva carnivorous. Adult a bloodsucker 


1 
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B. Sphag-netum. , 

Althongli this has not been much investigated, it is certainly poorly 
represented at Oxshott. Nearly all the Sphagnum shaded by heavy woods 
before felling and so was unsuitable, and since the felling animals have been 
slow in arriving. The only insects that have been noted are the beetle Gydo- 
notmn orbimlare F. and the bug Microvelia reticulata Burm. No doubt there 
is a large microfauna. 

C. Succession on bape, wet areas. 

In the earlier stages of succession there is no distinction in habitat between 
bare, wet areas and the margins of pools. Gradually, however, mosses form 
a carpet, which, when dense, becomes the habitat of a different set of animals. 
The animals characteristic of the early stages of succession still hang on at 
pool margins, in dried up pools and at damp spots on the paths. In the late 
summer of 1922 bare, wet areas were very extensive and the animals were 
those of a pond margin (e.g. Loricera, Bembidium spp.). In the winter of 
1922-3 the ground was much flooded and the Anchomenus, Loricera, Notiophilus 
higuttatus F. and Acanthia were found hibernating under pine bark above the 
water level. In the summer of 1923 the bare areas were much smaller owing to 
the spread of Funaria hygrometrica ; many of the pioneers, however, will tolerate 
the moss when it is short. The growth of moss is not regular, and does not 
begin quickly on areas often flooded, so that some bare areas existed in 1925. 

In any spot where succession was watched Bembidium larnpros Hbst. and 
Pterostichus diligens Stm. came in with the mosses and soon became abundant. 
The latter beetle hibernates in Polytrichum and not under pine bark. In 1924 
the animals characteristic of bare, damp areas were much scarcer and various 
new animals appeared. Probably the community eventually changes into one 
of the normal damp ground series, but this has not yet happened in the places 
that have been watched. Polytrichum at any rate can remain as a local 
dominant for some years. These facts are summarised in Table XXII. The 
four stages shown are (1) the bare ground stage, (2) young Funar%a^ (3) 
Funaria^ Ceratodon and Polytrichum, (4) Polytrichum, Geratodon may be the 
main moss where the ground is a little drier, and here the digger wasps 
Priocnemis parvulus I)sbMb. (commonly), Psanmiochares fuscus L. {viaticus) and 
Gorytes quadrifasciatus F. are found nesting. 

The arrival of Garabus, the large apterous predaceous beetle, is probably 
partly correlated with the first abundance of molluscs and earthworms on 
which it commonly feeds. All these forms are mainly found under bark of^ 
pine, etc., in the damp areas, but come out at night. In the following table the 
correlation between the arrivals is shown: 

1923 

Limax maximus L. A few 

Arion ater L. „ 

A. subfuscns Drap. 


Molluscs 


1924 
A few 
Common 


1925 

Common 


Polita alUaria Miiil. 


Earthivorms 

Beetle 


A few 
One 


A few 
Common 




Carabns catenulatiis Sepp. 
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Table XXII. Succession on hare, wet areas. 


=Summerim 2= Summer 1923. 3=Snmmer 1924. 4=Summerl925 


Beetle 


COLEOPTEEA 

Amara lurdcollis Schiodte Carnivorous 

Anchromenus 6-punctatus L. 

Bembidium biguttatus F. 

B. bruxellense Wesm. 

B. lampros Hbst. 

B. riparium 01. 

Carabiis catenulatus Scop. 

Oytiliis varius F. 

Haltica oleracea L. 

Lorieera pilicomis F. 

Megasternum boletophagum Marsh 
Notiophilus biguttatus F. 

N*. palustris Duft. 

Pterostichus angustatus Duft. 

P. iligens Stm. 

P. nigrita F. 

Stenus longitarsis Th. 

S. rogeri .Kr. 

Tachyporus clirysomelinus L. 

T. hypnorum F. 

Hemepteea 


Larva on Epilobktm 
Carnivorous 
Scavenger 
Carnivorous 


Bug 

99 

Springtails 

Grasshopper 

Woodlouse 

Spider 


Acanthia saltatoria L. 
Nabis rugosus L. 
Trapezonotus arenarius L. 

Collembola abundant 

Tettix bipunctatus L. 

Porcellio scaber Latr. 


Carnivorus ? 


Erigone atra Bl. 

Lycosa amentata Cl. 

Oedothorax fiisciis Bl. 

Pirata piratieus Cl. 

Tarcntula barpipes Simd. 

Trochosa ruricola DeG. 

Yoimg of Lycosa, Tibellus, Pirata 
Young of Xysticus sp. 

Anneij[i>a 


Collembola 

Yegetaiian 

Orthoptera 

Vegetarian 

Crustacea 

Scavenger and ? car- 
nivorous 

Arachnida 

Carnivorous 


Earthworms 


Slug 

Snail 


Vegetarian 


Mollusoa 


Limax maximus L. 
Polita alliaria Mull. 


Scavenger 
? Carnivorous 


3 4 

4 

— 4 

3 4 

— 4 

3 4 

3 

3 


? 4 


.4 

4 ,, 

4 

4 


D. Molinietum. 

Before tbe fire in 1921 there was an extensive growth of Molinia and, 
since much of it was not destroyed, the animal community connected with 
it was fully developed when the Common was first visited in 1922; there 
are thus no observations on the actual changes resulting from the growth 
of Molinia on a given area. The fauna is not unlike that of an ordinary 
meadow, though there are a number of peculiar forms. Some of the bugs, e.g. 
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Journ. of Ecology XIV 


Stenodema and Trigonotylus and leaf hoppers, e.g, Tettigonia, show typical 
adaptations to grass conditions in their colouring, and, in the case of the 
bugs, in their elongate shape. Grasshoppers are excessively abundant, and 
have increased in numbers since 1922. The grass-moths {Gmmbus) were 
exceedingly abundant in 1922 and to a less extent in 1923. Since then they 
have been relatively scarce. The same is true of the common rush feeding 
moth, Bactm lanceolana Hb. Perhaps they increased originally as a result 
of the hot summer in 1921 ; at any rate no other cause can be suggested. The 
animals recorded are given in Table XXIII. 

The efiect of invasion hj Betula has been discussed in a previous section 
(p. 257). Molinia can grow for a long time in areas which have been invaded 
by pine. Such Molinia, growing in pinewoods, still has associated with it 
most of the small insects, etc., which normally live under the tufts, e.g. 
beetles, bugs, spiders and woodlice. The moths and grasshoppers disappear. 
Many of the fungus beetles of the pinewood hide in the tufts in winter; 
several weevils, probably attracted from neighbouring leguminous crops, 
hibernate in Molinia growing under the shade of pine. Many of the insects 
found in the Oalluna growing in the same situation also occur. 

Table XXIII. Animals of the Molinietum. 


Diptera 


Butterfly 


Butterfly 

Moth 

Butterfly 

Moth 

Butterfly 

Moth 


Borborus geniculatus Mcq. 
Loxocera albiseta Schrk. 
Sepedon sphegeus F. 
Sepsis spp. 


Hibernates in tufts. ? Scavenger 
? ? 

Common in autumn 

Hibernate in tufts. Larva a scavenger 


Lepidoptera 


Adopaea sylvanus Esp. 

A. thaumas Hufn. 
Coenomympha pamphilus L. 
Crambus hamellus Thnbg. 

0. pascuellus L. 

0. tristellus L. 

Epinephele ianira L. 
Euxanthis hamana L. 
Heodes phloeas L. 
Nomophila noctuella Schiff. 
Pararge megaera L. 

Plusia gamma L. 

Plutella maculipennis Curt. 


Larva on grasses 


Larva on grasses. Not common but cha- 
racteristic 

Larva on grasses. Abundant 


Larva on liumex spp. 
Larva on herbs 
Larva on grasses 
Larva on herbs 


COLEOPTERA 


Beetle 


Brady cellus verbasci Duft. 
Haltica oleracea L. 


Hoplia philanthus Fiiss. 
Pterostichus strenuus Fz, 
Sitones lineatus L. 

Stenus flavipes Steph. 


S. rogeri Kr. 

Taehyporus chrysomelinus L. 

T. hypnorum F. 


Carnivorous 

Larva on Mpilobiwn. Adult hibernates in 
tufts 

Larva on plant roots 
Carnivorous. Adult in tufts in winter 
Leguminosae. Adult in tufts in winter 
Carnivorous. Adult in tufts in winter. 

A characteristic species 
Carnivorous 

‘Carnivorous ? Adult in tufts in winter 
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Table XXIII {continued). 

Hemiptera 

Bug Nabis major Costa. Carnivorous 

„ N. rugosus L. 

,, 8tenodema calcaratum Pall. On grasses 

,, S. liolsatum P. 

,, Trigonotyliis rulicornis Geoff. „ 

Leaf hopper PMlaenns lineatiis L. 

„ Tettigonia viridis Liv. 

CoLLEMBOLA 

Springtails Collembola. None identified Vegetarian and scavengers 

Orthopteba 

Grasshopper Chorthippus elogans Charp. 

„ C. paralieius Zett. 

,, Gomphocenis maculatiis Tlmbg. 

„ Metrioptera brachypteriis L. 

,, Omocestus viriduliis L. 

„ Staurodcrus bicolor Charp. „ Commonly with green forms 

Aeachnida 

Spider Agelcna labyrinthica Cl. Mainly on bare areas, but catches grass 

insects, e.g. Philatmus 

„ Drassodes troglodytes C.L.K. Carnivorous 

„ Linyphia elathrata Sund. „ 

„ Lyeosa ainentata Cl. 

„ Pisaura mirabilis Cl. „ 

„ Segestria senoculata L. „ 

„ Stemonyphantes lineatus L. ,, 

„ Tibellus oblongiis Walek. „ 

„ Xysticus erraticiis Bl. „ 

Crustacea 

Woodlouse Porcellio scaber Latr. Scavenger and partly carnivorous 

Aves 

Skylark Alauda arvensis arvensis L. IMainly s(‘eds 

Kestrel Palco tinnunculus tinminculus L. Mainly mice, partly 5 ^oung birds 

Partridge Perdix perdix perdix (L.) Mainly plants. Partly insects in summer 

Pheasant Phasianus colchicus L. ^ 

Stonechat Saxicola torquata hibernans Hart. Mainly insects 

Mammalia 

Hare Lepiis ciiropaeiis occidentalis de Winton Vegetarian 


Herbs 

Herbs. A short winged form not be 
coming common before 1924 
Herlis. Abundant. With green forms 
„ Abundant 


E. JUNCETUM. 

The JiincAis fauna has not been fully worked out, but probably the number 
of species is rather low. In individuals, however, the actual rush-feeders are 
often exceedingly abundant. Goleophom caespUitiella ZelL must destroy at 
least half the seeds produced. Some of these rush-feeders also occur on 
J. squarrosus^ growing on drier areas, but the fauna given in Table XXV is 
that connected with J. effnsns. A few insects are included wliich visit flowers 
growing commonly in the Juncetum. 

Table XXIV. Animal community in the Juncetum. 

Hymenoptera 

Bee Bombus liicorum L. Pomale. On LqIuh miglnoh'nti timl 

„ Megachiie maritima K. Maie\ Common on Lotus [pahusfre 

„ M. willughbielia K. „ „ 

^ ^ ^ Psen imicolor V. de Lind, Female bunting ieafbo})pers amongst 

,, Psammochares? pilivontrisMor. (cardui) Female on Lotus [Jmmts 

Wasp Vespa germanica Fab. Worker (probably llydmnting) in 

,, V. vulgaris L. ,, „ ,, 

v. rufa L,:. ,, ,, ,, 


Butterfly 

Motli 
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Table XXIV {continued). 


Dolichopus pennatiis Mg. 
Gymnoptemus nanus Mcq. 
Tachydromia flavipes F. ? 
Psectrosciara coxendix Verr. 


Diptera 


Predaceous 


Adopaea silvaniis Esp. 

Bactra lanceolana Hb. 
Coleopboi’a caespititiella Zell. 
0. giaucicolella Wood 
Glipbipteryx thrasonella Scop. 


Lepidoptera 


Adults, sometimes very common on heads 
of J uncus. Larva ? scavenger 

L 

On flowers of Lotus 
Larva on J uncus. Abundant 1922-3 
,, „ Abundant 

,, ,, Common 1924-5 


COLEOPTERA 


Crepidodera transversa Marsh 
Cyphon vniriabilis Thnbg. 
Pterostichus stremus Pz. 
Rhagonycha fulva Scop. 


Xantholimis linearis 01. 


Hemiptera 


Leafhopper 


Anthocoris nemorum L. 

Trigonotylus rufieornis Geoff. 
Athysanus sordidiis Zett. 

Conomeius limbatus Fab. 

Limotettix antennata Boh. 

Arachnid a 

Chromolithus festivus C.L.K. 

Dictynna luteus F. 

Pisanra mirabilis Cl. 


Vegetarian. Abundant in 1924 
Larva carnivorous 
Carnivorous 

Carnivorous (sometimes on flowers of 
Lotus) 

? Carnivorous 

Carnivorous 

Vegetarian 


Abundant 


Carnivorous. Web on heads of J uncus 

99 99 

Carnivorous 


P. Special PLANTS. 

Certain plants characteristic of wet areas always have certain animals, 
either vegetarians or flower visitors, associated with them. These animals 
certainly seek the plant rather than any special conditions and so are given 
separately rather than in the community in which the plant grows. Thus 
the flowers of Potentilla erecta are always visited abundantly by the fly 
Hercostomiis nigripennis Fall; and the bees Prosopis brevicornis Nyl. and 
Thoms., occasionally by workers of Fab. 

Rumex acetosella is the food of the beetles CryptocepJialus fulvus Goeze, 
Apion Titbens Steph. and Rhinoncus casZor F. These are found with the plant 
wherever it occurs. 

Ragwort {Senecio jacobaea) and other species of Senecio are fed on by the 
beetle Longitarsus jacobeae Wat., and the flowers of this and other Yellow 
Composites are visited by the fly Sicus ferrugineus L. and bees of the genus 
Halictiis, 

The species connected with Salix (broad-leaved species), with Ulexetiropaetis 
and with Riibus are so numerous that they are given in Tables XXV, XXVI, 
and XXVII. The flowers of the first two plants are important as being the main 
source of food for the spring bees, and of various other hibernated insects. 
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Table XXV. Animals connected with Salix spp. 

M.~Male. r.= Female. W.= Worker 
Hymenopteba 

Wasp Ancistrocerus callosiis Thoms. On flowers F. 

Bee Andrena albicans Mull. „ M. F. 

A. bimaculata K. 

, A. clarkella K. „ M. F. 

„ A. dorsata K. „ M. F. 

„ A. fulva Sehrk. „ F. 

,, A, gwynana K. „ M. 

„ A. parviila K. „ F.^ 

Hive bee Apis mellifera L. ” ^ ’ 

Humble bee Bombiis agrorum F. „ F. 

„ B. jonellus K. „ F. 

„ B. lapidariiis L. „ F. 

„ B. lucorum L. F. 

„ B. pratorum L. „ F. 

,, B. terrestris L. ,, F. 

Bee Halictus minutus Zett- ,, F. 

„ H. pimctatissimus Sell. ,, F. 

Digger wasp Psammochares fuscus L. (•vflaticus) „ F. 

Diptera 

Fly Chilosia vulpina Mg. M. 

, ‘ Chortophiia musearia Mg. ,, M. F. 

„ Eristalis intricarius L. ♦, M. 

„ Orthoneura genieulata Mg. „ M. 

„ Platychirus albimanus F. „ M. F. 

,, Bhabdophaga saliciperda Duf. Gails on the stems with 

two Chaleid parasites 

„ Scatophaga stercoraria L. On tlie flowers M.. 

„ Syrphus lasiophthalmus Zett. „ M.. F, 

Lepidoptera 

Moth Cerura fureula L. Larva on leaves 

Butterfly Vanessa io L. On the flowers 

COLEOPTEEA 

Beetle Adalia bipimctata L. On the flowers 

„ Crepidodera aurata Marsli h'’eeds on the leaves 

„ Meianophthalma gibbosa Hbst. On the flowers 

„ Meligethes ovatus Stm. „ 

Hemipteba 

Bug Anthocoris nemoralis F. On the flowers 

„ A. nemorum L. ,, 

Psyllid Psylla salicicola Fdrst. Feeds on the leiives 


Table XXVI. Animals associated with Ulex, 

M.=Male. l?.=Female. W.= Worker 

Hymengpteba ■■ ■ 

Abia lonicerae L. On the flfnvers 

Andrena bimaculata K. „ 

A. dorsata Iv. „ 

A. gwynana K. », 

Apis mellifera L. „ 

Bombua agrorum Fab. „ 

B. ruderarius Miill. (derhamellus) ,, 

Halictus flavipes F. 

H. punctatissimus Sell. 

Diptera 

Eristalis pertinax Scop. ,, 

Euarcsta conjuncta Lw. Aduit hibernate 

Platychirus albimanus F. Oti the fiowe'rs 

P. sciitatus Mg. „ 


Sawfly 

Bee 


W. abumlant 
F. common 


Hive bee 
Humble bee 
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Table XXVI [continued). 


Diptera 

Scatopliaga stercoraria L. 

Sj^’phus auricoliis Ztt. 

S. cinctellus Zett. 

S. lasiophthalmus Ztt. 

S. punctulatiis Verr. 

S. torvus O.S. 

Tepliritis vespertina Lw. 

Lepidopteba 
Laspeyresia ulicetana Hw. 
Scytliris grandipennis Hw. 

COLEOPTERA 

Adalia bipnnctata L. 

Apion iilicis l^orst. 

Micrambe vini Pz. 

Sitones regensteinensis Hbst. 

S. tibialis Hbst. 

Hbmiptera 

Asciodema obsoletuni Fieb. 
Hictyonota strichnocera Fieb. 

Arachnida 

Epeira corniita Cl. 


On the flowers M. 


Adult hibernates in gorse 


Larva on gorse 


On the flowers 
Larva on the seeds 
Larva on the flowers 
Larva on Ulex 


On Ulex 


Webs of the young abundant on 
Ulex in the spring 


Table XXVIL Insect visitors of flowers of Rubus fruticosus (agg,). 

M. = Male. F. = Female. W. = W orker 


Digger wasp 


Digger wasp 
Bee 

ft 

Ruby wasp 
Bee 


Digger wasp 

Wasp 

Bee 

Digger wasp 
Bee 


Digger wasp 
Bee 


Digger wasp 


Hymenoptera 

Apis mellifera L. 

Bombus agroram Fab. 

B. hortorum L. 

B. lucorum L. 

B. pratorum L. 

B. ruderarius MiilL (derhamellus) 
B. terrestris L. 

Cerceris labiata F. 

O. rybyensis L. 

Chelostoma campamilarum K. 
Coeiioxys elongata Lep. 

Gorytes quadrlfasciatus F. 
Haiictus flavipes F. 

H. nitidiusculus K. 

Hedychridium minutum Lep. 
Megachile circumcincta Lep. 

M. maritima K. 

M. versicolor Smith 
M. willughbiella K. 

Nysson interruptus F. 

Odyneriis pictus Curt. 

Osmia leucomelaena K. 

Oxybelus imiglumis L. 

Prosopis brevicornis Nyl. 

P. communis Nyl. 

P. confusa Nyl. 

B. genalis Thoms. 

Psen shuckardi Wesm. 

Psithyrus barbutellus K. 

Ps. distinctus Perez. 

Ps. quadricolor Lep. 

Saropoda l)imaculata Pz. 

Sphex campestris Latr. 

S. sabulosa L. 

Tachysphex iinicolor Pz. 


W. abundant 
F. W. common 
M. W. 

M. F. W. common 
M. common. W. only where a 
scrub has developed 

M. F. 

M. F. W. 

M. a. Table I 

M. 

M. . 

M. F. Parasite of Megackile 

M. 

F. Cf. Table I 
F. 

Cf. Table I 

F. 

M. Cf. Table I 
M. 

F. Cf. Table XXIX 
M. Cf. Table I 


M.F. Cf. Table! 

M. F. 

M, F. 

M. F. common . 

M. F. a Table XXIX 
M. Cf. Table I 

M. parasite of Bomhus hortorum 
M. parasite of B. lucorum 
M. common parasite of B. pratorum 
M. F. common. Cf . Table I 

M. common. F. Cf . Table I 
M. Of. Table I 
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Ply 


Butterfly 

Beetle 

39 

Bug 


Table XXVII {continued). 


Dipteba 

Oliilosia scutellata Fall. 

Empis aestiva Lw. 

Eiistalis arbustorum L. 

E. intiicarius L. 

Fabricieila ferox Pz. 

Sicus ferrugineus L. 

Volucelia pellucens L. 

V. plumata L. 

Lbpidopteba 
Adopaea sylvaiius Esp. 
Ex>inepliele janira L. 

COLEOPTEEA 

Byturus tomentosus F. 
Rhagonycha fulva Scop. 
Straixgalia armata Hbst. 

HEMIPTEIiA 

Antliocoris nemorum L. 
Plagiognatlius arbiistoruni F. 


Larva ? fungi 
Carnivorous 
Cf. Table XXII 

Larva parasite of large caterpillars 

Commensal of wasps 
Commensal of Bombus 

Gf. Table VII 

Cf. Table VII 
Cf. Table VII 

Cf. Table VII 


G. Pine Stumps AND Fungi. 

The pine stumps and tbe fungi connected with, tliein form a relatively 
clear-cut habitat, occurring in every part of the area. Fungi are by no means 
all equally attractive to insects, and, though this has not been worked out 
in detail, it is mainly the species connected with the stumps that have a 
large fauna. The community is probably nearly the same as that which is 
associated with fungi in the pinewood. The animals at the base of the food 
chain are larvae of small flies and Collembola. The staphylinid beetles feed 
on these but there are no details of their feeding habits. 

The pine stumps are the home of another set of animals which gradually 
destroy the stumps. There is probably a good deal of difference between the 
early stages of colonisation of fresh pine stumps and of those which have 
been burnt. This has not been much studied at Oxshott, but in a general 
way the effect of burning is to cut out the early stages of the succession. A 
number of animals, often highly specialised to life under bark, only occur 
under fresh stumps, or those not badly burnt. The beetle Melanophila 
acuminata DeG. which is peculiar to burnt pine stumps and usually arrives 
while the fire is still smoking, has not been seen at Oxshott, though recorded 
from other heaths in southern England. 

The normal course of succession probably begins with arrival of Scolytid 
beetles (e.g. Hylastes), With them come their special enemies, such as the 
beetles belonging to the genus RUzophagus, which feed on the Scolytids. In 
the solid wood Asemum and Criocephalus make their burrows. The holes 
formed allow fungi to enter and their mycelia soon become abundant under 
the bark and in the wood. With them come abundant Collembola and their 
enemies the staphylinid beetles, small carabids; probably the flat, bark- 
haunting bugs also feed on them. Quite soon queen ants arrive and make 
their nests under the bark, and later the workers begin to excavate their 
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galleries in every direction. These activities soon loosen the bark and a kind 
of humus collects beneath it. As soon as ants have become abundant the 
woodpeckers attack the stumps and are perhaps one of the most important 
agencies in their destruction. When the bark has become really loose the 
specialised bark animals disappear and their place is taken by an assemblage 
of forms that need a dark, damp habitat. Such are woodlice, molluscs, earth- 
worms and the carabid beetles which prey on them. Probably at Oxshott a 
stump may disappear in about eight years but the length of time would vary 
very considerably with local conditions. Under the shelter of a pine wood 
the stumps might persist almost indefinitely, while in damp, exposed situations 
the decay is rapid. 

The stumps are often an important addition to the habitat in which they 
are situated because they may be used by whatever animals occur as hiberna- 
tion quarters (beetles, wasps, flies), nesting sites (digger wasps, ants, spiders) 
or as shelter by day in dry areas (molluscs, beetles). The existence of stumps 
probably allows various animals to maintain themselves in such a habitat as 
a Callunetum, animals which would normally have to wait for more meso- 
phytic conditions to be established, 

Sclerodermae have a little fauna of their own. They grow mainly in the 
birch -scrub stages and often contain the beetles Atheta xanthoptera Steph., 
Cryptophagus lycoperdi and (7. pimcUpennis Bris, Perhaps the first 

named feeds on the larvae of the Cryptophagi. 


Animals associated with fiingL 
Dipteba 

Larva ia Boletus hovinus 

Can be breU abundantly from fungi 

Larva on imigUB (Sparassis crespa) 

? {Sparassis crespa) 


Table XXVIII 


Oliilosia longula Ztt. 

Forcipomyia spp. 

Lena cineraria Lw. 

Limosina antennata Duda 
L. luteilabris Rdi. ? 

L. parapiisio Dahl. 

Mycetopbilids common Larva on fungus 

COEEOI*TEIlA 

Aleochara brunneipennis Kr. Carnivorous {Lactarius turpis) 
Atheta xanthoptera Steph. \ 

Autalia impressa 01. {L. turpis) 

Boletobius pygmaeus F. Carnivorous 
B. trinotatus Er. , 

Gyrophaena gentilis Er. „ 

Philonthus marginatus E. » {L. turpis) 

Ph. proximus Kr. „ „ 

Ph. varians Pk. >, » 

Proteinus brachypterus F. „ 

P. ovalis Steph. « (L^ turpis) 

Quediiis einctus Pk. » » 

Tacliinus laticollis Gr. „ 

Annelida 

VegetaiViMi (Poly porus schveinitzi) 
Molltjsca 

Arion ater L. Vegetarian eating Boletus hovinus 


Beetle 


Earthworm 


Arion ater L. 
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Table XXIX. Anhnals associated ivith pine stumps. 



Hymenopteba 


Ant Acanthomyops niger L. 

,, Formica fusca L. 

,, Lepto thorax acervorum F. 

Bee Megachile willughhiella K. 

Ant Myrmica spp. 

Bee Prosopis genalis Thoms. 

Digger wasp Psen unicolor V. de Lind. 

Wasp Vespa germanica F. 

„ V. vulgaris L. 

DlPTERi 

Fly Exechia spinigera Winn. ? 

Mycetophilus ocellus Walk. 


Nesting 

„ (early stages) 

Probably nests in tiie very rotten wood 
Nesting 

Probably nests in the very rotten wood 
Females hibernating 


Larva on fungi 

Larva on fungi (adults sometimes hide 
under bark) 



Phaonia spp. and other muscids Hibernating 

Tachypeza nubila Mg. Larva camivorous in rotten wood. Adult 

on small flies 

Lepidoptera 

Oecophora sulphureila F. Larva on rotten wood. Pupa under bark 

CoLEOPTEEA 

Adalia bipunctata L. Hibernating 

Agathidium laevigatum Er, Fungus 

Anisotoma humeralis Kug. „ 

Asemum striatum L. Larva in solid wood 

Atheta aequata Er. Carnivorous 

A. linearis Gr. „ early stages of stuiiips 

Baptolinus altemans Gr. ^ ^ 

Bradycellus harpalinus Dj. Sheltering 

Cerylon histeroides F. Larva carnivorous 

Coccidula spp. Hibernating 

Conosoma pubescens Gr. Carnivorous (later stages) 

Ciiocephalus ferus Kr. Larva in solid wood {eaii}’') 

Ditoma erenata F. Larva under bark, carnivorous (early) 

Dromius angustus Bruiie Carnivorous (early) 

Elater balteatus L, Larva on rotten wood 

Helops striatus Foiirc. Probably mainly sheitering 

Homalium rivulare Pk. Carnivorous. Mainly in fungi 

Hylastes ater Pk. Larva in wood and bark (early stages) 

H. cimicularius Pk. „ „ „ 

H. palliatus Gyll. 

Leistus spinibarbia F. Camivoi'Oiis (later stages) 

Leptusa fumida Er. „ (early stages) 

Melaiiotus riifipes Hbst. Larva on wood ((‘aiiy stages) 

Mycetoporus lucidus Er. Carnivorous (fungi) 

Nebria brevicoliis F. „ (later stages) 

Ocypus morio Gr, „ 

Pentarthrum huttoni Woll. Larva on wood 

Pliloeonomus punctipeiine Th. Carnivorous (early stages) 

Phloeopora reptans Gr. „ „ 

Phyllodrepa vilis Heer. „ „ 

Pissodes notatus F. Larva on wood 

Pterostichus angustatus Duft. Carnivorous. Burnt stinnps 
P. vulgaris L. „ 

Qiiedius maurus Sahib, (fageti) „ 

Rhizophagus bipustulatus F. „ (early stages) 

R. ferrugineus Pk. „ ,, 

Scapliisoma agaricinum L, Fungi 

Silpha atrata L. Carnivorous IT (later stages) 

Sphindus dubius Gyll. Fungi (early stages) 

Tiianasimus foi*micariu8 L. Carnivorous, esp. on dead trees 

Xanthoiinus linoaris 01. „ 

Hemipteea 

Piezostethus cursitans Fall. „ (early stages) 


Moth 


Beetle 
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Table XXIX {continued). 

Nburoptera 

Snakefly Bhapliidia maculicollis Steph. Larva carnivorous (early stages) 

COLLEMBOLA 

Spring-tails Collembola abundant Vegetarian 

Campodea sp. »» 

Aeachkida 

Spider Agelena labyrintliica Cl. Hibernating and making webs on the 

stumps when there are no bushes 
5, Prostliesima petiverii Scop. Hiding egg cocoons 

j, Trochosa ruricola DeG. „ and hibernating 

Salticus scenicus Cl. Hunts on the stumps (catches Gerop/iom) 

Crustacea 

Woodlouse Porcellio dilatatus Brandt Scavenger and partly predaceous (later 

stages) 

„ P. scaber Latr. Scavenger and partly predaceous (later 

stages) 

Chilognatha 

Centipedes Lithobius spp. and others Carnivorous. Common in later stages 

Mollusoa 

Slug Arion ater L. Vegetarian. Common in later stages 

„ A. subfuscus Drap. „ „ ,, 

j, Limax maximus L. „ „ ,, 

Annelida 

Earthworms Vegetarian. Common in later stages 

Aves 

Great Spotted Bryobates major anglicus Hart. Feeds on ants and other insects 
Woodpecker 

Green Picus viridls -virescens Brehm. „ „ „ 

Woodpecker 

Mammalia 

Rabbit Oryctolagus cuniculus L. Use the stumps as special depositories 

for dung 


CONCLUSION 

The animals found on the felled and burnt areas at Oxshott Common in 
the years 1922-5 have been recorded and some of their effects on one another, 
and of their relations to plant succession, have been described. It would be 
premature to make any generalisations about heath-animals. 
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This paper records an enquiry into the origin, structure, development and 
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brought forward to show that these yew-woods are migratory societies of scrub. 
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The yew (Taxus baccata)' is widespread on the chalk hills of West Sussex 
and East Hampshirej growing isolated in scrub, in ash-oakwoods and beech- 
woods, and in larger or smaller groups with or without other trees. In many 
cases at least the apparently fortuitous distribution of scattered yews can be 
explained in accordance with the findings of this study: it is, however, with 
the yew in the larger groupings that the paper mainly deals. 

TOPOGRAPHY 

The yew communities examined lie in the neighbourhoods of Butser Hill 
and Ditcham Park and of Goodwood, the former, an area familiar to students 
of chalk vegetation through the work of Tansley^ and Adamson^ — the latter 
the scene of the author's work on the Sussex beechwoods‘^. The following 
yew- woods have been examined, Opposite the name of each the aspect and 
locality are given: 

1. Bottom A,” valley facing S. Southern slope of Butser Hill. 

2. Bottom “B,” valley facing S.E. and S.S.E. Southern sloi)e of Butser Hill. 

3. Kingley Vale, valley facing S. 4 miles N.W. of Chichester (Goodwood area). 

4. Hillhampton Bottom, valley facing S.S.E. Southern slope of Butser Hill. 

5. Wascombe Bottom, valley facing S.E. Southern slope of Butser Hill. 

6. Chilgrova Hill, slope facing N.E. 2|- miles N.W. of West Dean (Goodwood area). 

7. Hownley Brow, slope facing N.W. 1 mile N.E. of Ditcham House. 

8. Holt Down, slope facing N.W. 1 mile S.W. of Butser Hill. 

9. Deep Combe, valley facing S.S.W. If miles N.E. of East Dean (Goodwood area). 

10. Stead Combe, valley facing E. 1 mile W. of Cocking (Goodwood area). 

A brief consideration of the geographical position of these yew-woods in 
relation to the large forest area of West Sussex and East Hampshire will be 
of value in helping to assign to the yew-woods their proper place in the context 
of South Down vegetation. Quite detached from the main body of woodland 
and set in a background of grassland are, to the south, Kingley Vale, and to 
the west, Bottoms "'A" and Hillhampton and Wascombe Bottoms and 
Holt Down. Deep Combe, Chilgrove Hill and Downley Brow are just on the 
outskirts of progressive woodland and may be continuous with the main 
body. Stead Combe in the Cocking Gap lies near the north escarpment in a 
region with much chalk grassland clothing the gentler slopes of the Gap and 
with progressive woodland in the neighbourhood. On the whole, therefore, 

[ the yew-woods studied grow on the outskirts of, or are quite detached from, 

I the main forest area. 

■ ^ Adamson. “The Woodlands of Ditcham Park, Hampshire.” This Joubnal, 9, 1922, 

^ pp. 114-219. Tansley. “Early Stages of Redevelopment of Woody Vegetation on Chalk Grass- 

^ land.” This Journal, 10, 1923, pp. 168-177. Tansley and Adamson. “The Chalk Grasslands 

; of the Hampshire-Sussex Bordei*.” This Journal, 13, 1925, pp. 177-223. 

- Watt. “ On the Ecology of British Beech woods with special reference to their regeneration.” 
This Journal, 11, 1923, pp. 1-48; 12, 1924, pp. 145-204; 13, 1925, pp. 27-73. 
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SOME FACTORS AFFECTING THE DEVELOPMENT OF YEW COmiUNITIES 

Soil. 

The soil in all the yew communities is calcareous except in the yew society 
above Deep Combe where the overlying friable loam is about 14 in. deep. 
In different parts of the valleys the soil varies from 6 in. on exposed steep 
slopes to 18 in. on gentler and sheltered slopes. In the valley bottoms the 
depth has not been determined but is no doubt much greater. No marked 
effect of soil in influencing the development of yew communities has been 
observed in the areas studied. 

Wind. 

All the yew-woods described, except Nos. 6-8, occupy valleys opening 
southwards to eastwards. Different parts of them are thus in varying degree 
exposed to the prevailing south-west winds, the most sheltered part varying 
with the lie of the valley but being generally near the valley head. That wind 
is a significant factor in yew- wood distribution and development is inferred 
from the prevalence of wind trimming among the shrubs in the near neigh- 
bourhood, from the general limitation of the yew-woods to the valleys, and 
from their greater and more rapid extension along sheltered slopes and to 
leeward of existing communities. Further, the general statement may be 
made here that woody vegetation first colonises the most sheltered parts of 
the valleys, extending thereafter to less sheltered parts. 

In the three yew- woods growing on slopes the most rapid development 
takes place to leeward along the slope. 

Babbits. 

The recent studies of Tansley and of Tansley and Adamson demonstrate 
the far-reaching effect on vegetation of heavy rabbit grazing. Severe grazing 
causes grassland degeneration and exposure of the soil, whicli may then be 
colonised by herbaceous and woody species avoided by rabbits. Even the 
spiny hawthorn and blackthorn are severely attacked, but the fact of greatest 
significance for the present study is the susceptibility of the yew. like ash, 
oak and beech it requires the assistance of scrub for successful colonisation of 
grassland; and the efficiency of scrub for this purpose will depend upon the 
measure of immunity enjoyed by the scrub constituents. Of these jumper is 
most shunned by rabbits, and this property combined with that of wind 
resistance^ gives to the juniper a significance in yew-wood establishment not 
possessed by any other shrub. Much importance is therefore attached to the 
distribution of juniper which is absent from some valleys and scarce or 
abundant in different parts of others— this variation in frequency influencing 
the structure and development of the succeeding vegetation. Adequate 
attention has not yet been paid to the factors governing juniper distribution 
but the impression is gained that juniper flourishes best on relatively shallow 
soils, often exposed to the prevailing winds. 

1 Watt, L.C. 1924, p. 159. 
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GENERAL DESCRIPTION OF THE VEGETATION 

The phenomena described in this paper can be explained as the result of 
the natural processes of invasion and succession. 

The difficulties confronting yew ecesis prevent effective yew colonisation 
of grassland. Yew, however, can invade scrub, where conditions favour its 
spread, and the original scrub is then ultimately suppressed. Thus yew-wood 
is reached through a series of intermediate stages, with or without ash, in 
which longevity and tolerance of shade are the chief factors in the equipment 
of the yew enabling it to compete successfully with its associates. Upon the 
death of old yews rabbit activity often prevents the regeneration of the gaps 
formed: hence the wood degenerates and ultimately abandons the area. 
Inasmuch as colonisation by scrub usually begins near the head of the 
valley, so this part is the first to be abandoned by the degenerating yew- 
wood. 

In this succession from scrub to yew- wood two seres are recognised, called 
respectively the yw wiper sere and the hawthorn sere after the shrubs dominant 
in the initial scrub. In the hawthorn sere there are two varieties, one with 
ash, the other without. Briefly summarised the successions are as follows, all 
three sometimes contributing to the ‘'make up” of a valley yew- wood. 

Juniper sere. Scrub (juniper)— > Yew scrub— >Developing Yew- wood-> Yew- wood. 

Hawthorn sere. Scrub {hawtIiom)—>y6w scrub— > Developing Yew-wood— >Yew-wood- 
{without ash) 

Hawthorn sere. x^Asli scrub \ 

{with ash) Scrub (hawthorn)- -> Yew-ash scrub->Yew-ashwood->Yew-wood. 

\ Yew scrubs 

The juniper sere is met with on the more exposed places and, once yew 
invasion starts, is characterised by a relatively quick transition to pure yew- 
wood. The hawthorn sere begins with a scrub less efficient to protect yew and 
the intermediate stages are long drawn out; pure yew- wood appears late. In 
the succession with ash, this tree may appear before, along with, or after, 
effective yew invasion of scrub. This sere occurs in the sheltered parts of 
valleys or on the lee side of woodland. The variety without ash is found in 
both sheltered and partly exposed localities. 

In Section I, attention is mainly directed to a study of the structure, 
development and fate of the yew- wood, whilst the relation of this community 
tb other woody communities — ash-oakwood and beech wood— forms the 
subject-matter of Section II. 


8ECTTON I. STRUCTURE, DEVELOPMENT AND FATE OF THE YEW- WOODS 

(a) The Juniper Sere. 

The different stages of the juniper sere mostly occupy, but are not strictly 
confined to, exposed places (PL IV, Phot. 1, and Figs. 1 and 2, pp. 286-7). 

Of the 22 species recorded from this sere, juniper and yew are clearly the 



^0oMeXr€s 


Fro. 1. Sketch-map of area south of Butser Hill sho'w’in" yew-woods in th(‘ valloys, ( Groups of 
yews not in the valleys are marked TT. The w'^oods have originated near the heads of the 
valleys and arc moving outwards along the slopes. In Hillhainpton Brdtoin the an^a first 
colonised is being abandoned; three old yews marked T are relicts. The w’holc (d‘ the head of 
Wascombe Bottom has been abandoned and is being reeolonised l:)y yews marked T. 
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main constituents: the rest are quite subordinate (list of species facing p. 304, 
columns 1-8)^. 

The general course of development is as follows. The juniper scrub, which 
at Kingley Vale consists of scattered or locally dense individuals about 3 ft, 
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Fig. 2. Sketch-map of Kingley Vale ^showing development of yew-wood mainly on the slope 
sheltered from the prevailing south-west winds. The jumper sere {Jf- occupies the more 
exposed parts, the hawthorn sere {Hy- without ash, areas of mean exposxire, and the hawthorn 
sere with ash the most sheltered part of the valley. 

high and lopsided, is invaded by yew. Where the juniper forms the nucleus 
of a closed scrub yew invasion may be general, as for example on the eastern 
spur of Kingley Vale (Fig. 2, 1)^ where yews from a few inches to 10 ft. are 
found but the majority are from 4 to 5 ft. In open jumper scrub yew invasion 

^ The reference number of the list of species (facing p. 304) corresponds with the number of 
the locality, given in the figures, from which the list was made. Thus J-S means juniper sere, 
list 8, 
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is more sporadic and results in the formation- of clumps consisting of yew 
families girt by scrub. A family consists of a central older ye\¥ with a richly 
branched and spreading crown (pioneer form) near which grow younger 
yews whose cleaner stems and lopsided crowns are due to the shading effect 
of the pioneer. In the scrub round the clumps small yews are growing up. 
This grouping of ymxnger, straighter yews round aged pioneers is obvious in 
the yew scrub and developing yew- wood and can usually be made out in the 
pure yew-wood. 

The older pioneer yew invaders show the effects of the prevailing wind 
but the younger yews growing up with them have mostly erect leading shoots. 
The sheltering effect of the yew is also seen in the improved growth of shrubs 
already present, e.g. juniper in the lee of a clump or in the presence of others 
may attain to 10 ft., a height not commonly found isolated in exposed situa- 
tions. This stage in the development of yew-wmod, wdien yew^ has clearly 
become established and is spreading, is called yew scrub. The most important 
associated species are Cormis, Primus sf inosa^ Rubus fruticosus (agg.), 
Crataegus^ Ilex and Sambueiis. 

The next stage, when the balance of dominance is with the yew, is called 
the developing yew-wood, which arises merely as a result of the continued 
increase in size of the individual yews, the enlargement of yew’' families and 
the establishment of fresh ones in the scrub betw^een them. That this has 
taken place is proved by the dead remains of abundant juniper and of some 
hawthorn, bramble and Gleynatis found under the yews. x4s a result partly 
of the increased shelter afforded to the shrubs by the taller yews and partly 
by their lateral shading effect, the shrubs attain a much greater height. For 
example, in the developing yew-wood of the eastern slopes of Hillhampton 
and Wascombe Bottoms (Fig. I, 6 and 7) the juniper has a columnar form 
and sometimes reaches 18-20 ft. in height. The number of species is the same 
as in the yew scrub and although the growth of the shrubs has improved, 
there is on the whole no increase in their frecpiency, this being prevented by 
the spread of the y ew^s. 

The continued growth and spread of the yew" finally result in pure yew- 
wood by the suppression of the accompanying shrubs, the dead remains of 
these, particularly of juniper, being found on the floor. Suppression is com- 
plete on the eastern slope of Hillhampton Bottom wdiere the yew^-wmod is 
pure, but at the head of Kingley Vale (Fig. 2, 8) occasional Ilex and rare 
straggling Crataegus and Primus spinosa still find a place in the canopy, above 
which rare ash and occasional whitebeam (Sorhus aria) raise their crowms. 
The dominance of the yew is complete to a degree found in no other British 
tree community: the shrub layer and ground flora are absent and mosses 
are-' rare. ■■ ■ ■ ' . . 

In this sere the yew attains a lieight of about 30 ft. (9 m.), with a circum- 
ference of 7 ft. 1 in. (2*12 m.) (= average of six large yewB, the largest measuring 
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9 ft. 11 in. or 3 m.). Since the stages of the succession are completed within 
the life history of the yew, the size of the yews in different parts of the yew- 
wood may be used as evidence of the direction of spread. Applying this to 
the yew-wood at the head of Kingley Vale we find that the yew has invaded 
from the north-west corner outwards along the slope as well as ixp and down, 
but fastest along the slope and faster up than down. In this locality further 
movement along the slope is apparently held up, but additions to the upper 
and lower margins of the wood are being made from yew scrub. 

The habitat is unfavourable for the establishment and growth of ash and 
oak, both of which are rare to occasional and mostly of poor growth ; ash trees 
established near the bottom of the valleys show better growth but even there 
some suffer from wind. Sorbus aria, however, grows quite well and is a frequent 
constituent of the developing yew- woods on the eastern slopes of Hillhampton 
and Wascombe Bottoms. 

In the yew- wood at the head of Kingley Vale one or two gaps occur, 
which, although not formed by the death of old yews, are of special interest 
for our present purpose. In some, relicts of the original scrub and grassland 
are found, but owing to rabbit activity on the steep slope much of the soil 
is bare and unstable. The following plants are found: 


Atropa belladonna 


Myosotis arvensis 

0. 

Bryonia dioica 


Plantago major 

0. 

Sambucns nigra 


Prunella vulgaris 

1.1 

Arenaria serpyllifolia 

Lf. 

Sedum acre 

r. 

Cirsium palustre 

1. 

Urtica dioica 

1. 

Fragaria vesca 

0. 

Viola hirta 

1.1 

Galium verum 

0. 

V. sylvatica (agg.) 

0. 

Lotus corniculatiis 

4 - 




In 1922 yew seedlings were recorded as frequent, but in July 1923 only 
one was found, the seedlings having disappeared from gaps where the light 
is intense enough for survival. No young yews were observed. Thus yew 
regeneration is effectively checked. 

The effect of rabbits and' wind upon the establishment and growth of 
juniper and yew are clearly demonstrated in the woody vegetation colonising 
the wind-swept slope of the steep eastern spur of Kingley Vale (PL I V, Phot. 1 , 
and Fig. 2). Here the scrub is open and consists solely of yew and juniper, the 
other shrubs being apparently unable to grow here. Both plants are wind- 
trimmed and in greater degree towards the north-east corner of the Vale. 
The juniper probably suffers more than the yew, for in the most wind-swept 
corner scattered, lopsided yews are found with no living, and rare or occasional 
dead juniper. 

Almost every yew is growing along with a living or a dead juniper. Most 
of the yews are small— 12-18 in. (30-45 cm.) high, often very small — 4-7 in. 
(10-18 cm.), are closely nibbled, conical in shape and old. A small yew 7 in. 
(18 cm.) high showed approximately 56 growth rings. 

The inference to be drawn from this and the previous observation is that 

Journ. of Ecology XIV 19 
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yew and jumper are tlie most wind-resistant elements of scrub and that 
successful establishment of yew m grassland is conditioned by the presence 
of scrub protective against grazing animals. t tie same y"- ™ 
questioned if the yew seedUng can readily become established in a ^ y 
turf, and its association with scrub elements may, m the first instance, be 
due to the provision round the bases of shrubs of suitable germination and 
establishment conditions, such as exposed soil or shade. Experimental proof 
is lacking, but the record of one seedling only from an enclosure made eleven 
years earlier and near to abundant yews strengthens the suggestion. This 
Ledling, too, was found in the “deep shade of CVatoeyn.^ according to some 
observers the yew seedling is intolerant of strong illumination-. , , , 

The conclusion that protective scrub is necessary for successful establish- 
ment of the yew is supported by observations from the juniper scrub m other 
parts of Kingley Vale, where the observed facts are similar to those ]ust 
described: from the association of yew with Crataegus and Pmnus sfvnosa at 
Stead Combe; with Prmws in Bottom “A,” with juniper in Hillhampton and 
Wascombe Bottoms; and by the occurrence of inadequately protected and 
heavily grazed yews in all these localities^ Of the scrub elements, jumper is 
apparently the most effective to protect yew, and this is reflected in the naore 
rapid colonisation of juniper scrub than of hawthorn scrub. This effective 

initial invasion means a rapid passage to yew-wood. . , . 

The view that yews are immune from attack by grazing animals is 
erroneous, for these small conical yews are trimmed down by such animals 
probably by sheep, hares and rabbits. Rabbits also nibble the bark off stems and 
branches. Lowe* states that “ deer, sheep, goats, hares and rabbits eat 7 ®^ with- 
out harm” and Elwes® records that he has seen yew stems gnawed by rabbits 
The transition from the juniper to the hawthorn sere is recognised by the 
increasing frequency of Crataegas and a corresponding decrease in jumper 
List 4 from the eastern slope of Wascombe Bottom indicates a transitional 
community. Here and in the more sheltered parts of the other localities 
juniper grows larger, and taller, has often a spreading habit and bears pale 
sickly foliage in contrast to the healthy appearance of large or small jumpers 
in exposed communities. The physiological cause of this is unknown but soil 
factors evidently contribute to the production of the effect. 

(6) The Hawthorn Sere. 

This sere occupies the less exposed parts of the valleys. The difference in 
the habitat is reflected in the flora, for in the juniper sere there are only 
22 species, while in the hawthorn sere there is almost twice that number ; 

^ Tansley. L.c. 1923, p. 176. sao oha 

2 Hempel and Wilhelm. Die Bdtme U7ul Slrducher des Waldes, 1S93, p. -UO. 

But see also p. 302. 

^ Yew-trees of Great Britain and Ireland, 1897, p. 150. 

Elwes and Henry. Trees of Great Britain ami Ireland, 1906, 1, p. 119. 
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Of the 20 additional, most are local or have a low frequency. These, it is 
interesting to note, include Ruscus aculeatus which was not observed in 
exposed places : the evergreen Ilex is however equally widespread in both. 

The two varieties of the hawthorn sere are separated on the basis of the 
presence or absence (or rarity) of ash. Floristically the two are similar, the 
sere without ash containing 35 species, the sere with ash 39. There are seven— 
Acer cmnfestre^ CaMima vulgaris, Rubus idaeus, Ruscus aculeatus, Salix caprea, 
Ulex europaeus, Viburnum opulus — not recorded from the sere without ash, 
whilst there are tlim^—Humulus lupulus, Pinus silvestris (subspontaneous), 
Primus insititia — not recorded from the sere with ash. All these species play 
a minor part in the vegetation in which the dominants are the same. Apart 
from the variation in the frequency of ash, the main difference is found in the 
relative frequency of the species common to both; Clematis, Cornus and 
Rubus fruticostis (agg.) are more frequent and Ilex more evenly distributed 
in the sere with ash, whilst Primus spinosa is more frequent and Rhamnus 
more widespread in the sere without ash. 

The Hawthorn Sere without Ash. 

On the whole, the variety without ash is more exposed than the variety 
with ash. Exceptions occur ; for example, the yew communities on the sheltered 
western slopes of Bottom Hillhampton and Wascombe Bottoms; and 
exactly why ash is scarce in, or absent from these localities is not understood. 

In the development from scrub to yew- wood the same stages are recognised 
as in the juniper sere and the process of invasion and succession is similar; 
only the differences need be emphasised here. The species are listed in 
columns 9-21. 

The chief constituents of the scrub, Orataegtis and Primus spinosa, are 
accompanied by a number of shrubs whose frequency varies much in different 
localities. In the Butser Hill examples there are only 15 species, all, except 
the dominants and yew and elder, with a low frequency, but in Stead Combe 
(Fig. 3, 9) and Kingley Vale (Fig. 2, 14) there are 25 species including many 
of the commoner ''chalk’’ scrub elements, some with a high frequency— 
Euonymus (f.), Ligustrum (a.), Rosa mdcrantha (f.). A similar difference is 
noted between the richness of yew scrub from Holt Down (Fig. 4,15) and 
Kingley Vale (Fig. 2, 18) (29 species) and the poverty of the same stage from 
Butser Hill (14 species). These differences are emphasised by the accom- 
panying grassland which near the Butser Hill examples contains much less 
PoleHum, sanguisorba than in the other localities, where this species is con- 
spicuous. The probability is thus indicated that the present grouping includes 
habitats whose soils are really different. 

The association of yew and hawthorn in this sere is much less common 
than that of yew and juniper in the juniper sere. This is due to the lesser 
ability of the hawthorn to shield invading yews so that not only are yew 

19-— 2 
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families fewer in number but tbey enlarge much more slowly. That they are 
progressive is shown by the dead remains of Cfcitczegus, Clematis and Riibus. 
ffuticosus (agg.) found under the yews. Thus yew scrub and the developing 
y'0^-\;y'0o^ belonging to the hawthorn sere are much opener than the corre~ 
spending stages of the juniper sere, the large and small yew families being 
separated by gaps, which, in rabbit-infested areas, bear a scattered scrub, a 
Khit-imTuune herbs or no vegetation at all. The establishment 


S cru6 


5TEAP/COM&E 


Fig. 3. Sketeb-mcap of Stead Combe showing distribution of the “yew system” and the “beech 
system.” A very old yew grows in the position marked X ; pure yew- wood is local marked T. 
Five old pioneer beeches grow in the positions marked F^, The ash-oak associes lias ])een 
almost entirely obliterated by the beech associes advancing np the slope; patches {A~0) 
remain. 


of fresh yew families is therefore difficult and the approximation of the 
existing ones slow. Locally this may not be true, as for example in a large 
patch of “thicket’’ yew scrub on the eastern slope of Bottom “B,” nor does 
it hold good generally of the yew scrub in Kingley Vale. This, however, is 
derived on its western side from jumper scrub and on the valley side from 
slowly fusing scrub clumps, and here the intervals between the yews contain 
a rich scrub. The general openness referred to is not observed in, the final 
stage but the two examples from Kingley Vale (Fig. 2, 21) and Hillhampton 
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Bottom are of small extent and do not upset tie conclusion based on tie 
study of tie preceding stages that tie passage from scrub to yew-wood is 
typically much slower in tie iawtiorn tian in tie juniper sere. 


WAP« 

DOWN 


/ 

Ahodes/ i 

// 


AraLl^ 


HOLT DOWN 
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Fig. 4. Sketch-map of woodland on Holt Down, showing the distribution of the “yew system” 
and the “beech system.” In the “yew system” ash grows only on the lee side. The ash-oak 
associes of the beech system is represented by ash-hazel coppice. 

Changes in form and frequency accompany increasing shelter. Exposed 
and isolated blackthorn, hawthorn and yew are lopsided; in scrub, iawtiorn 
frequency increases in clumps nearer tie yew scrub, and in the yew scrub 
near the head of Bottom “B” attains a height of 26 ft. The frequency of 
Clematis, Cornus and Rhamnus is also greater in yew scrub and developing 






only from the Stead Combe scrub where it grows isolated and in families, 
demonstrating the rapid transition from scrub to beechwood in exposed places^. 
In the yew scrub of Bottom where there are no trees apart from the 
yew, there grows a patch of Mercurialis ferennis. 

The severe rabbit pressure is demonstrated in the Butser Hill examples 
by the large areas of bare soil with a mobile rubble of chalk stones and flints, 
by patches of short grassy turf, and by the replacement of grassland by an 
assemblage of plants disliked by rabbits — Senecio jacobaea, Cirsmni Icmceo- 
latum, Urtica dioica, Teucrium scorodonia, Myosotis arvensis^. In addition, 
small (7-9 in.) heavily grazed bushy yews are found, and the shoots of Crataegus 
and Primus spinosa are cut ofi. In this way beds of low-growing decrepit 
Prunus spinosa are formed. The activity of rabbits is not limited to shoots 
accessible from the ground but is pursued into the crowns of taller bushes 
3-4 ft.), where the upper sides of branches are barked and young erect shoots 
cut across. This results in a flat or convex crown which can extend laterally 
but not, or very slowly, upwards. A keeper informed me that this was the 
work of rabbits during the winter months when food is scarce, but in September 
I collected fresh shoots lying on the ground below the bushes. Both Prmms 
spinosa and Crataegus are attacked in this way. 

In this sere Sambucus is locally common, growing abundantly on loose soil 
cast up round rabbit burrows and fairly frequently on soils exposed by severe 
rabbit grazing: its unusual frequency in the examples from Butser Hill is 
correlated with heavy rabbit pressure. Although apparently immune to 
rabbit attack, Sambucus seems to have little power to extend or persist, and 
this localisation is probably connected with the requirements of seed ger- 
mination and seedling establishment, because the absence oi Sambucus ixom 
grassland cannot be attributed to rabbit activity. And the same may hold 
good for some of the herbs which replace degenerate grassland. 

In these rabbit-infested areas attempts to colonise gaps by woody species 
other than Sambucus are largely frustrated, so that the openness of yew scrub 
and developing yew-wood and the slow fusion of yew families arc readily 
understood. It is doubtful if under present conditions large areas of continuous 
yew-wood could be formed. 

In the pure yew- wood in the north-east corner of Hillhampton Bottom the 
attains a height of 40 ft., and the average girth of six large yews is 8 ft. 3 in. 
2*5 m.) — the largest measures 9 ft. 2 in. (2*75 m.). As in the juniper sere, 
the largest yews in the valleys grow at the head of the valley or in that part 
of the community nearest to it; the size decreases outwards along the slope. 

the direction of movement along the slopes, indicated by the order of 
the developing communities is confirmed by the age of the yews. 

Watt. 1924, p. 182. 

For a fuller account of this kind of vegetation, see Tansley and Adamson. Lx. 1925, 
■218. 
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At the head of Bottom “B’' large gaps, occupied by turf, by rabbit- 
immune herbs and by a large colony of Sambums^ separate members of an 
apparently decadent scrub of hawthorn, sloe and yew. 

The Hawthorn Sere with Ash. 

In this sere the normal course of development to yew-wood is not inter- 
rupted by the entrance and subsequent elimination of ash; its presence 
merely delays the appearance of pure yew-wood. The following stages are 
recognised: scrub, yew scrub, ash scrub, yew-ash scrub, yew-ashwood, yew- 
wood. 

These stages are identified from the most sheltered parts of Stead Combe 
(Fig. 3) and Kingley Vale (Fig. 2) and from the three slopes Downley Brow 
(Fig. 5), Chilgrove Hill (Fig. 6) and Holt Down (Fig. 4), where development 
takes place mainly away from the direction of the prevailing winds. Wind and 
rabbit activity are apparently the chief factors limiting the distribution of 
scrub, which is found best developed to leeward of the Downley Brow and 
Holt Down woodlands. In the similar position on Chilgrove Hill -rabbit 
activity has denuded the narrow strip of steep slope between the woodland 
and an abandoned chalk pit now being colonised by a rich scrub. In the 
grassland of the lower slopes colonisation by woody plants is extremely 
difficult, as the work of Tansley on Downley Brow proves, so that the scrub 
forms a discontinuous fringe to the lower side of the woodland strips of 
Downley Brow (Fig. 5, 28) and Chilgrove Hill and along the upper exposed 
margin of Stead Combe (Fig. 3, 30). In Stead Combe this marginal scrub 
widens out on the more sheltered gently sloping and east facing part of 
Cocking Down, and along the upper margin of Downley Brow (Fig. 5, 29) 
and Chilgrove Hill (Fig. 6, 27) the scrub forms a continuous and wider zone. 
In the grassland of the lower slope of Chilgrove Hill (Fig. 6, 26) and in the 
valley bottom of Kingley Yale (Fig. 2, 25) scrub clumps of varying size and 
with or without trees are found. 

The extent of the scrub sets limits to the successful establishment and 
spread of both ash and yew: young ash is indeed locally abundant in the 
grassland but is kept down by persistent grazing, and isolated yews sufier in 
the same way. Of these two trees, ash is the more mobile so that where scrub 
is extensive and conditions suitable ash colonisation precedes that of yew. 
This is exemplified on Downley Brow (Fig. 5, 24) and Chilgrove Hill (Big. 6, 2o) 
where an ash scrub stage precedes effective yew colonisation. On Holt Down, 
probably because of exposure rendering ash establishment difficult, yew scrub 
precedes the stage with ash, which even then appears on the lee side; only 

(Fig, 4, 15 and 31). ^ _ 

On the other hand, where the scrub is of small extent and its spread 
extremely slow, as in the narrow fringing scrub and in the scrub clumps, no 
such fractional separation of the stages can take place and scrub passes 
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{ directly to yew-ash scrub. The effect is seen in the abrupt transition from 

i grassland through a narrow zone of yew-ash scrub to a later stage with old 

I yews and in the structure of scrub clumps consisting of yews encircled by a 

narrow scrub colonised by ash. That the rate of enlargement of some of these 
clumps is extremely slow is evidenced from the very large and old yews, the 
average girth of eight large trees being 14 ft. 8 in. (4*47 m.) — maximum 
21 ft. 0 in. (6*4 m.). These still border on grassland or are hugged by a narrow 
scrub. Some of the larger clumps at Kingley Vale show development towards 
V true woodland structure which is attained in certain clumps at Chilgrove, 


where there is a canopy of ash, a definite shrub layer, and a ground flora 



Fia. 6. Sketch-niap of woodland on Chilgrove Hill showing similar distribution of stages found 


on Downiey Brow. 

dominated by Mercunalis. The zone of scrub along the upper margin of the 
Downiey and Chilgrove woods is freely invaded by ash and yew but is too 
narrow to permit a separation of the ash scrub and yew-ash scrub stages, 
although ash is decidedly more frequent than yew along the forward margin. 

The ash scrub consists of a hawthorn scrub freely invaded by ash which 
forms the canopy. The tangles oi Clematis^ Grataegus Eubus 

fruticos'iis (agg.) indicate the change from open conditions to growth under 
canopy and demonstrate this ash scrub to be the early stage in the development 
of the ash-oak associes preceding beech woodh The only woodland herb is 
Mercunalis which is occasional to locally frequent, but no true ashwood with 

1 Watt. i/.c. 1924, p. 164. 





1 . : 


298 Yew Oommunifies of the South Downs 

stade forms of Crataegus and with a woodland flora is found. This is prevented 
by the establishment and spread of the yew in the ash scrub, thus giving rise 
to the yew-ash scrub. Here, by the establishment and growth of young yews, 
and by the enlargement of existing yew families, the scrub is gradually sup- 
pressed, but the taller ash survives. The rate of development varies much. 
At Downley and Chilgrove the ash scrub is effectively colonised by yew which 
quickly suppresses the scrub, but at Stead Combe, where the yew-ash scrub 
(Fig. 3, 32) is extensive, the process is a slow one. This is apparently correlated 
with the openness of the hawthorn scrub, in which diftmse yew families and 
scattered yews occur. Here, too, there is a woodland flora dominated by 
Mefcurialis perennis. 

In the yew-ashwood most of the scrub has been suppressed, and the wood 
consists essentially of an upper diffuse canopy of ash and a lower of yew. 
This stage is identified from Stead Combe, Chilgrove (Fig. 6, 33) and Downley 
(Fig. 5, 34), but is best represented at Kingley Vale (Fig. 2, 35), where the 
yew-ashwood occupies the whole of the north-west corner. 

The ash attains a height of 50-60 ft. (15-18 m.) and a diameter of a foot 
or more; some old stems lie rotting on the floor. The yews are of large and 
imposing size, up to 40-50 ft. (12-15 m.) in height and to 18 ft. 6 in. (5*64 m.) 
in basal girth — the average of 17 large trees at Kingley Vale being 13 ft. 2 in. 
(4 m.). By the death of some old yews gaps occur whose flora is described 
later (see p. 300). 

The Kingley Vale yew-ashwood affords an excellent illustration of the 
extreme slowness of the fusion of yew families, for in the lower part of this 
wood relicts of the original scrub still survive between yews considered by 
Lowe to be 500 years old^. In the upper and younger part of the wood the 
development has been much more rapid. 

When the ash trees die, their replacement by young growth is prohibited 
by the shade of the yews; yew-ashwood passes to yew-wood. This appears 
locally in Stead Combe but is best developed on Downley .Brow, where the 
canopy is almost pure. The derivation of the yew-wood from the approxi- 
mation and fusion of yew families is evident from the arrangement of the 
smaller straight-stemmed yews round the larger pioneer forms; from the 
association of the surviving ash with the smaller yews: , from the dead ash 
and hawthorn on the floor; and from the relicts of scrub in small enclaves. 

The direction of spread is confirmed from examination of tlie size of the 
yews in different stages and in different parts of the same stage On Chilgrove 
Hill, Holt Down and Downley Brow the size of the yew increases from tlie 
early stages to the last stage reached in the different localities; at Kingley 
Vale the oldest yews are found nearer the foot of the slope, and at Stead 
Combe the oldest yews, including one with a basal girth of 19 ft. 9 in, (6 m.), 
grow near the boundary between the yew community above and the bcech- 

^ n.c. p. 60 . 




VoL. XIV, Plate IV 


JOURNAL OF ECOLOGY 


WATT~Yew Communities of the South Downs 









A. S, Watt 


299 


I wood below, in tlie position marked X in Fig. 3. In all these invasion has 

taken place outwards from the oldest yews; faster along the slopes than up 
and down and faster up than down; in the valley bottoms faster up than down. 

[ While ash, oak and beech are unable to grow under a yew canopy, they 

may colonise the intervals between yew families in the developing yew society 
I and may become locally dominant there. In this last case development may 

proceed to maturity, when the colony exhibits true woodland structure and 
I is to be considered an outlier of woodland. The relation of the yew to these 

f will be considered in the next section. Meantime attention is directed to 

I isolated trees or groups of trees which form patches of developing woodland 

I within the developing yew society. 

Two facts are relevant here: the longevity of the yew and its dependence 
on scrub. So long as scrub grows in the intervals between yew families the 
yew can colonise readily and gradually fill up the gap. This process is well 
I illustrated in the development from scrub to yew-wood just described, in 

i which the long-lived yew utilises and then suppresses the scrub of the ash 

scrub and then outlasts the ash. In this way pure yew- wood is formed. The 
I same may apply also to oak although oak is rarely found in the developing 

j yew-woods. With beech the case is different, especially if it has a pioneer 

I form and grows in groups, as for example at Chilgrove and Stead Combe, 

j The shade cast by the beech kills out the scrub and hinders yew colonisation 

I and even if yew does become established the saplings often die or show i)oor 

I growth and few leaves. It is doubtful if this colonisation is really effective. 

; The beech is unable to regenerate and the surrounding long-lived yews still 

survive when by the death of the old beeches a gap is formed. This will 
i not usually be occupied by the yew until scrub first becomes established. 

I Groups of beech may in this way hinder the development to pure yew-wood. 

The Development op Woody Vegetation in the Valleys. 

A separation between the seres has been made to trace the development 
of the different kinds of vegetation, but it has been shown that the two haw- 
thorn seres and the juniper sere may contribute to the formation of a valley 
yew- wood; all three types of sere contribute to the yew-wood of Kingley Vale. 

Photographs 1 and 2 (PI. IV) show the striking limitation of the yew-woods 
to the valleys. This is due to the absence of scrub in the adjoining plateau 
grassland, but where the soil is deeper with superficial loamy deposits a 
hawthorn scrub is found, in which yew readily becomes established (see 
PL IV, Phot. 1 and 4-, Figs. 1 and 2). In the bottoms of narrow valleys scrub 

and yews are absent owing to the intense rabbit grazing there. 

From a study of the ages of the yews in the valleys as a whole it is found 
that the oldest yews grow near the head of the valley in the part most sheltered 
from the prevailing winds and that the age decreases outwards with distance 
from this point. This is true of all the valleys. It is thus believed that yew 



outwards, the scrub forming an advancing zone under the sneitei or xnc 
urovressing yew-wood and changing its character as the environment changei , 
L the more exposed parts hawthorn scrub is replaced by jumper scrub. _ 

Juniper scrub may form a separate centre for jew evasion, as on the 
eastern spur of Kingley Vale and on the eastern slope of Hillhampton Bottom, 
where locally, development has proceeded through yew scrub, developing 
yew-wood to pure yew-wood. At Hillhampton Bottom the interval between 
this outHer and the yew-wood in the north-east corner has been occupied by 
a juniper scrub which has succeeded rapidly to developmg yew-wood by the 
free invasion of yew. 

In any one sere the oldest yews are found in the most advanced stage 
represented in a valley, and not in the most advanced stage of development 
represented irrespective of sere. Thus the yew-ashwood at Kingley Va e 
contains the oldest yews on the slopes but it is flanked by pure yew-woods 
which, although distinctly younger, have nevertheless attained the final stage 

in their respective seres. • i ■ 

It is where the yews are oldest that degeneration begms. 


Carex glauca 
Cirsiiim palustrc 
Fragaria vesca 
Myosotis ar^’ensis 
MercuriaJis pereiinis 
Prunella vuigaria 
Senecio jaciobaea 
Seiickus oleraoeus {Bccdlinga) 
Urtiea dioica 
Verbascum nigrum 
Veronica chamaedrys 
Viola iiirta 
V. silvatica (agg.) 


Mosses are weU represented in species but have difficulty m maintaining 
a foothold owing to rabbit activity. 
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The list shows that neither ash nor yew is successfully colonising the gaps 
formed. Only two ash plants older than 2 years were found, the majority of 
seedling ash being eaten by rabbits, as were also the yews, one of which, 
growing up in the fork of a superficial branched root, had temporary pro- 
tection but is now closely nibbled. There is no establishment of a scrub fit 
to protect the seedlings; only the relatively immune Bryonia, Atropa and 
Sambncus being at all well represented. Sambucus is present in all the gaps 
and dominant in some. 

There is an abundance of yew seeds on the floor of the wood, but the vast 
majority are without kernels. Some of . the seeds have been split into two 
equal halves, but many have holes with ragged edges cut in them. The 
seeds are believed to be split by tits and the ragged holes made by mice^, 
but both observations lack experimental verification. 

The beginnings of degeneration at the head of Bottom are demon- 
strated by the large gaps occupied by abundant Sambucus and rabbit-immune 
herbs; a later stage is seen at the head of Hillhampton Bottom (PL IV, Phot. 3 
and 4, Pig. 1), This area is heavily rabbit-grazed. Herbs avoided by rabbits 
predominate, but on part of the western slope these are replaced by a crisp 
grassland over which loose chalk rubble is slipping down the slope. The 
woody vegetation is represented by two groups of clumps separated by a 
zone almost without woody plants. These groups adjoin the woods of the 
eastern and western slopes respectively. In both cases the clumps are domi- 
nated by yew families accompanied by a scrub of the hawthorn type. Some 
of the clumps are progressive as the dead remains of scrub under the yews 
show, although enlargement of the clumps is slow; but some families are 
without effective scrub elements and fail to extend. Some yew families indeed 
are represented by isolated old yews clear of branches 4-8 ft. up. In the 
clumps the oldest yews are of pioneer form and large size (the largest measuring 
10 ft. 7 in. in girth). It is worthy of note that ash grows here, and in the 
adjoining developing yew-wood on the western slope this tree is confined to 
the zone next to the clumps just described. 

Between the two groups of clumps lies the area of closely nibbled grassland 
in which grow one isolated hawthorn, two isolated sloes and three old yews. 
These yews are near the foot of the slope and girth 6 ft. 3 in., 7 ft. 3 in., and 
9 ft. 0 in. The last two are clear of branches from 4~9 ft. up and on the first, 
large branches begin at 6 ft., but small epicormic branches grow out below 
(PL IV, Phot. 3, Fig. 1). 

These three old yews as well as the isolated old yews near the developing 
yew-wood are considered to be the survivors of a community with yew and 
ash, which once occupied this part of the valley, the present distribution of 
ash marking the former bounds of this community. 

1 But see also Kirchner, Loew and Schroter. der Blutenpflanzen Mittcl- 

europas^ 190S, p. 77, 
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In addition to these detached jew clumps and large isolated yews bordering 
the northern margin of the yew-wood, developing clumps with young yews 
and isolated yews about 1 ft. in diameter, 10 ft. high and branched to the base 
grow on the western slope. These are considered as pioneers recolonising the 
abandoned area. 

On the western slope of Hillhampton Bottom the oldest yews border on 
the area now almost abandoned, but in the woods of both slopes of Wascombe 
Bottom the oldest yews grow near, but not on, the north-west margin and are 
separated from the abandoned area by a narrow belt of almost continuous yew 
contiguous with the main body. 

At the head of Wascombe the vegetation consists mainly of herbs avo'ded 
by rabbits. On the western part two areas of grassland with much moss are 
found, one adjoining the yew-wood the other on the slope of the western arm 
of the bifurcating valley head. Woody plants are represented by the following : 


Atropa belladonna 
Bryonia dioica 
Cornus sanguinea 
Crataegus monogyna 
Priiniis spinosa 


Sorbus aria 
Rhamnns catharticiis 
Rubus frutieosus (agg.) dead 
Sambucus nigra 
Taxus baccata 


These are found singly or in clumps: the larger clumps consist mainly of 
Sambuc^ts. Many of the hawthorn bushes are old and thick-stemmed and the 
decrepit sloe is pruned by rabbits. 

Taxus may grow singly or in company with Rithus, Cmlaegus and Rhamnns 
or may form small families. The yews vary in height from 1 to 20 ft., and are of 
pioneer form, branched from the ground. The diameters of the two largest were 
estimated at 21-24 in. It is of interest to note that on the eastern slope and 
just outside the yew-wood there grow within a radius of about 20 yds. nine 
young yews from 12 to 18 in. high — all untouched by rabbits. 

Complete abandonment of the head of the valley and a later stage in 
recolonisation are demonstrated in Wascombe Bottom (PI. Phot. b. and 
Fig. 1, p. 286). The only evidence that yew-wood once occufued the head of 
the valley is that the oldest yews grow near the north-west margin and that 
general progression of the woody vegetation is .south-eastward along the slope. 
Direct evidence has disappeared with the com})lete disappearance of the 
original community. 

It is of interest to observe here that Bottom “B,” Hillhampton Bottom 
and Wascombe Bottom demonstrate a series in yew-wood degeneration, which is 
probably related to the size of the valleys. For it is likely that the longer and 
more sheltered valley of Wascombe would be first colonised and the yew- wood 
develop earlier than in the smaller bottoms. These in turn show yew-woods 
in descending order of development — Hillhampton, “ B"’ and “A’’ Bottoms. 

The conclusion that the yew-wood has abandoned the head of the valley 
is supported by the distribution of the yews in the neighbourhood of Deep 
and Malcombe {v. Fig. 7). Reference to the figure will show that the 
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Holt Down, showing open hawthorn scrub with yew 
south of the beech associes. 

[Tansley, Types of British Vegetation, PI. XVIII^.] 
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Fio. 7. Sketch-map showing distribution of woody vegetation round Deep Combe, 
community has moved out from the valley, mainly eastwards and north-eastwa 
now represented by the yew society and by abundant yews to the south of it in t 
zone of the ash-oak assooies. The abandoned valley is now occupied by the bet 
Similar relations hold good in the adjoining valley of Malcombe. 
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yews occur round and above the bead of Deep Combe and that the bulk of 
them are found eastwards of the valley. North-eastwards lies a Taxus 
society D elsewhere the yews are mostly scattered although patches of locally 
dominant yews are found. The structure of this society indicates progression 
eastwards. On the east and north-east margin the yew community is in the 
yew scrub stage with some older pioneers but many young jmws. The average 
height is from 15-20 ft., and the average girth of 27 stems is 23 in. (extremes 
13 in. and 48 in.). Behind, the yews stand less densely upon the ground and 
an easy passage can be made under the higher and closed canopy , the average 
girth of 29 stems is 34 in. (extremes 9 in. and 8 ft. 8 in.). In the ash-oakwood 
behind there is one yew family but the yews are mostly scattered; the tallest 
are from 35 to 40 ft., and the average girtli of 29 stems is 48 in. (extremes 
11 in. and 8 ft. 10 in.). 

The distribution of the yews in the adjoining vaUey of Malcombe corre- 
sponds closely with that for Deep Combe. There is, however, no yew society 
although patches of locally dominant yew are found in the ash-oak assoeies 
east of the valley. 

The evidence from Deep Combe shows that the Taxus community is 
migrating outwards from the vahey— the main body travelling eastwards and 
north-eastwards. Here the abandoned area has been occupied by woodlands 
which have developed from scrub to ash-oakwood and beech^ood. 

Summary of Section I. 

In this section the structure and development of several yew- woods on 
the South Downs are described, and evidence brought forward to show that 
these are migratory. 

The yew meets with considerable difficulty in establishing itself in grass- 
land. Perhaps ecesis in a grassy turf is difficult but the prevalence of closely 
nibbled isolated yews and the frequent association of yews with prickly shrubs 
suggest the efficacy of the animal factor in preventing successful yew invasion 
of grassland. This suggestion is supported by the close parallel between the 
degrees of susceptibility of prickly scrub elements to rabbit attack and the 
efficiency of these elements in promoting yew colonisation. Juniper is least 
attacked by rabbits and the association of juniper and yew is the, most 
frequent. Hawthorn comes next in importance. For successful yew colonisation 
of grassland, scrub is essential. 

The conclusion come to in a previous work that juniper and yew are the 
most wind-resistant of scrub elements is supported by the observations 
recorded here: hawthorn scrub is best developed in the most sheltered parts 
of valleys whilst a juniper scrub may be present on the exposed slopes as 
well as on sheltered slopes. 

Two seres are recognised; a juniper sere and a hawthorn sere. Both 
culminate in pure yew-wood, but in the juniper sere the passage from send) 

I Watt. L.C. 1924, p. 167. 



Hawthorn Sere (without ash) 


ecology— WATT 


Juniper Sere 


Yew scrub 


Scrub 


Reference Numi.)er 
Coiiiinunity 


Developing yew 

Hill- 
hainpton 
Bottom 
(eastern 
slope) 


Bottom 


Bottom 


Kingley 

Vale 

(valley 

floor) 


Bottom Wascombe 
Bottom 

(western (western Bottom 

slope) slope) A 


Steiui Bottom 

Combe ’ 

(northern (eastern 
slope) slope) 


(western 

slope):. 


Wascombe 

Bottom 

(eastern 

slope) 


(eastern 

slope) 


Holt 

Down 


Wascombe 

Bottom 

(eastern 

slope) 


hampton hainpton 
Bottom Bottom 

(eastern (western 
slope) siop«) 


Kingley 

Vale 


Locality 


Kingley 

Vale 


Kingley 

Vale 


Acer campestre 
A. pseuthmlatanus 
Atr<ipa belladonna 
Betula alba 
Bryonia dioica 
Calluna viilgifis 
Clmuatis vitalba 
Cormis sanguinca 
CtU’yhis avellaiui 
CJrataegiis monogyna 
Euonyinus etiropaeus 
Fagus silvatica 
Frasinus excelsior 
Htirlera helix 
Huumlus lupuhis 
Hex luiuifolium , 

J nniperus commtirus 
Ligustrum viilgare 
1 , 1 -micera peridymeuum 
PinuH silvestris 
PrunuH avium 
P. insltitia 
IL s]>iiuma 
Quercus robur 
Hhamnus catharticus 
Rosa arvensis 
E, canina 
E. dumetonim 

K, inicrantha 
R. jmbiginosa 
E. Barmentacea 
Rubus caesius. 

;r, fmticosus (aggd 
R, idaeus 

Rusctis aculeatus 
Balix caprea 
Sambueas nigra 
Eolamim dulcamara 
Hurbus aria 
Tamils communis 
Taxus baccafca 
Ulex fturopaeus 
Viburnum lantana 
V. opulus 


* The numbers indicate the numb^ of d^B> 




List of Species 





■ Beech system.’'’. ■ ^ 

■: , , ■ ^ . 

m in 35 36 37 38 3D 40 41 42 43 44 

Yew-ashwoo<I Ash scrub Ash-hazel Beecliwood b'crub 


“ . .. * 


■■■ "A' 




t'oppice 

c~ . ... ‘. . , 

■ ' „-,A- 


. . .' "' \ ■ . 

r--— — 

" ' '!' 1. 

►Stead 

Chilgrove 

Downley 

Kingley 

(Jhilgruye 

Downley 

Holt 

Chilgrove 

Downley 

Holt 

Stefid 

Chilgrove 

Holt 

Coiiibe 

llill 

Brow 

Vale 

Hill 

Brow 

Down 

Hill 

Broa^ 

Down 

Combe 

Hill 

Down 

0, 

'.... CL" .. ■ 


0. 



o. 



T. 

Cf 

i 


0. 

1 


0. 

i 

, 0, 

r. 

■ ' yy- yy^ ''- 'y-'y^l 



G 



o. 

1 


0, 

3 

0. 

, 


, 

yy y y’-t'y-'y 


0. 


.f.--l.d. 

1 

I. 


4 

f. 

d. 

f,— !.d. 



G 

li. 


f.— hd. 

It 

o» 


1 

o.—l.d. 




o. 

,1’. 


f.A.a. 


.,.J' 



3 

■ *■ ',■ ■■: ■" 

r. 



'.f,-. 

: ■' '' y'-'^y- ' 

0. 


0.— I.d. 

0. 



2 

o.~~-I.d. ^ 

0 

d. 

a. 

lu — Id. 


. 0,^1 . 


a.— d. 

a. — (1, 

0, 

a. 

■;::::A,.: 4: 

a. — d. 

0.— 

yy.MAm 

0.— Id. 

Id. 

0. 

l.f. 


0. 


0.. 

• 




0. 






0, 

0, 

/■;...■■ Vo,,;;;: 



r. 


0, 

0. 


0.— li. 

0. 


:: :V'* 

1 ‘ 









• 

r'-yytyyyyy 



* 


, 


0. , 

■ y.> y' 


C: ' 



0, . 


L 









0, 


0. 


0.— If, 

‘ 0, 



■:iyiyBy:^^y^^ 



0. 

L . 

■'■.y'^-yyyyy'' ' 


, o.—f. 


. 

1 



1 


.'f 



o. 

^yyyyyy/ytyryy 

1. 




yi' t yyy^'y ly 


1 


* 




yy(y!yyyy-yyy:y 

0, 



o':- 










0 


• 

liili 



i 


' 




y-y- y'y ^ity ■ 

0. 






i 

* 








0, 

iV 

yyyyyM 


iyyykMS: 

0, 



Lf. 

If. 

W&im 

li 


L 


0. 

V'-'' 

2 

0, 

0, 



I.i 


o. 

LfA.d, 

, 0. 



0* 

WJMi'yM. 



0, 


0. 

y'-yy-y' yyyy yyy 

0, — f. 

y0^>$y 


■ '.Or- -i 

"y^ '.[--..y 


1 : 








"■■'y 'V.^'/''' 

— a. — l.d. 


d. 

it 

ymym'W^ 

f.-hd. 



i 

a. Ad. 

■"J 

f. 

t 





%yyyyyiyyt-y:: 



'*yyy,'''-''yyy 

''' y'y'-yyyyyy-.yy. 



i.f. 


■ + 



]yt'''^yyHy.yyy’y. 

i 





y^y;-iyyyyyy'‘y 


0. 






'MiSiiSB 



iillil 







i’* ^ ' 



'yyy^y 'kyyyy-y 


yyyyy'yyyp'^yyy 

y'^k'ryyy ■v'-i':-,' 












^yy yy^ry'i’yyyyy 








;■/^V :■’ ■■■ -V;.' ' 








'.V Av4.' 






.^j., i.:;: ..,.:.■ V' ■.•i-v:;;' 



'?y'y:'"y'^'''~' 


j:.; i:.'; ?■'■■■■-■'"' '•'€ 









A. 8. Watt 


305 


I 

! 


to yew-wood is rapid, wMlst in the hawthorn sere it is much slower and may 
include intermediate stages with ash. 

The size and height attained by adult yews decreases from the hawthorn 
sere with ash, through the hawthorn sere without ash to the juniper sere* 

A comparison of the sizes of the yews in these valleys shows that the 
oldest yews grow in the most sheltered part and that size diminishes outwards. 
The juniper scrub may also form a centre from which the yews spread. 

During development the yew kills out the scrub and forms a community, 
which, like the elephant herd, is socially well developed because of the 
longevity of the individuals. The vast majority of the yew seeds and seedlings 
are destroyed and when old yews die the re-establishment of a scrub protective 
of the few yew seedlings is prevented; the yew is unable to regenerate and the 
yew community dies out. This begins in the most sheltered part of the valley 
where colonisation first took place and spreads outwards leaving a gap where 
yew-wood once vstood. A slow yew recolonisation of these abandoned areas 
is taking place. 

Ash, oak, and beech may grow in the intervals between the families of the 
developing yew society but because of the longevity of the yew and its capacity 
to endure shade, succession to yew- wood is not prevented, except sometimes 
perhaps by the beech. 

As long as scrub maintains itself so long will the yew advance, and since 
hawthorn scrub is best developed to leeward yew advances most rapidly and 
abundantly eastwards, rather than westwards in the face of the prevailing 
winds. 

Yew-wood is a single generation migratory community and owing to its 
dependence on scrub is best considered a society of scrub. 


SECTION IL RELATION OE YEW-WOOD TO OTHER WOODY COMMUNITIES 
The relationship between the two varieties of the hawthorn-yew sere and 
the normal succession of woody vegetation of seres 3 and 4^ is presented 
schematically below. 
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In seeking to discover tke relationskip which the yew society bears to the 
normal succession, only the sere with ash need be considered smce no irec 
evidence is obtained from a study of the variety without ash By comparm^^ 
seres 3 and 4 with the sere with ash it becomes apparent that the normal 
succession is arrested in the scrub or ash scrub stage by the spread of the 
yews, which by the formation of a closed society delay or check the invasion 
and development of ash-oakwood and beechwood. The relation of the yew 
to these later stages of the normal sere forms the subject matter of this 

In the areas examined the full succession of each of the seres 3 and 4 is 
not seen, though stages representative of the general succession are found. 
No full treatment can therefore be given of the behaviour of the yew in the 
different seres of the South Down woodlands and while differences may be 
expected, they are probably not substantial as between the related seres 

^The first requirement is a correct interpretation of the facts. For the 
woodland on Downley Brow an interpretation different from that of Adamson 
is mven and my conclusion is supported from an analysis of similar woodlands 
on CMlgrove Hill and Holt Down. In these three areas I consider that we 
are dealing with two systems (designated briefly the yew system and the 
beech system) originating at some distance from each other on the same slope, 
with the beech system to windward of the yew system (see Figs. 4, o, i). 
To leeward of each the earlier serai .stages are found. The generalised schemes 

of the two systems are as follows; 3 i 

Yew system. Scrub, ash scrub, yew-ash scrub, yew-ashwood, yew- wood. 

Beech system. Scrub, ash-oak associes (ash scrub, developing and mature 
ash-oakwood), beech associes, beech consociation. . i ■ i 

The yew system was described in Section I. In no area examined is the 
full series of the beech system discovered but the evidence from the tliree 
woodlands mentioned previously is supplemented from Deep Combe anc 
Stead Combe. Neither the scrub nor the beech consociation of the beecli 
system has been observed in any of these areas. 

The Beech System. 

Ash scrub. Between the yew system and the beechwood on Cliilgrovc Hill 
(Fig. 6, 36) and also on Downley Brow (Fig. 5, 37) is a zone occupied by an 
ash scrub siTriilfl, r to that already described as the first stage m the develop- 
ment of the ash-oak associes from scrubh It consists cs,sentially of a hawthorn 
scrub freely colonised by ash with occasional trees of oak and beech, which 
on Downley Brow is also locally dominant. Most of the ash trees are young 
but a few are old. Old yews are occasional only (average girth of four trees 
on Downley Brow = 9 ft. 5 in.), and the yew families are largest and most 

1 Watt. L.c. 1924, p. I(i5. 
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frequent near to tlie yew system, becoming smaller and less frequent towards 
the beech wood. Hazel is a conspicuous shrub. 

The origin of this ash scrub is clear. On Chilgrove Hill it consists of 
isolated, fused and fusing clumps of scrub with much young ash, separated 
in parts by enclaves of grassland. In the practically continuous and older 
ash scrub on Downley Brow the evidence is not so obvious, but in one gap 
were found Geniiana amarella, Thymus serpyllum and some grasses. These 
enclaves and relicts of grassland point to the superseding of grassland by 
scrub in which ash has become freely established. 

On Downley Brow two gaps occur: one is due to the death of an old 
beech and bordered by two surviving and younger beeches, and now bears 
some and Rubus idaeus; the other, formed by the death of two old 

beeches round whose stumps grows a scrub of Rubus fniticosus (agg.), Cornus, 
Vibimiimi lantana, OlemMis and Sambucus, is now colonised by sapling ash. 

In the Downley ash scrub there have been at least four beech clumps; two 
of these are noticed in the preceding paragraph; the third consists of a pioneer 
20 ft. in girth at 3 ft. from the base, encircled by a number of semi-pioneers; 
the fourth is described in more detail. It is situated near the boundary between 
the yew system and the ash scrub and consists of six old beeches, five of which 
have the form of pioneers and one of a semi-pioneer. One pioneer is dead. 
Two survivors measured 15 ft. 4 in. and 16 ft. 4 in. in girth at 3 ft. from the 
base and are without doubt old trees. Under the beeches there are no shrubs, 
not even yews, but Mercurialis is occasional and small nibbled ash plants 
are frequent. The clump is closely surrounded by shrubs of which Taxus is 
dominant, but none of the encircling yews are large and all are clearly younger 
than the beeches. 

Ash-hazel coppice. The ash-scrub in the two previous localities is replaced 
on Holt Down (Fig. 4, 38) by a coppice which is completely enclosed, on the 
north by yew scrub and yew-ash scrub and on the south by beechwood. 
Standards of comparatively young ash, beech and yew are found distributed 
in the coppice of hazel and ash : hazel (some probably planted) is dominant 
next to the j?^ew-wood, and ash next to the beechwood. Here also grow 
Sorbus, Sambucus, Euonymus and Clematis , but with a low frequency. 

Developing ash-oaUvood.. Flanking the beechwood in Deep Combe (Fig. 7) 
the ash-oak associes occurs — a narrow zone to the west, a wide zone of 
developing ash-oakwood (sere 3) to the east. Similar relations obtain in the 
adioiiiing valley of Malcombe, but here the ash-oak associes to the west is 
represented by a line of relicts on the beech associes of the plateau above. 
The developing ash-oakwood to the east of Malcombe belongs to sere 2. The 
structure, origin and development of these woods have already been described^. 

In the developing ash-oakwoods the yew has a varying frequency (occasional 
to frequent to locally dominant). All ages are represented from young yews 

Watt. Ac. 1924, pp. 160-176. 
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11 in. in girtt to old yews 8 ft. 10 in. in girth. It is clear that regeneration is not 
prevented; but it is weak, and local dominance is due to older yews almost 
certainly established in the scrub or ash scrub which preceded the developing 
ash-oakwood. It is also significant that the yew is most frequent along the 
forward margin of the developing ash-oakwood (Deep Combe) where the wood 
is in a late ash -scrub stage. Immediately behind the yew society the yews 
are scattered except for one yew family. There is however no evidence to 
prove that the old yews represent the relicts of a once continuous yew-wood 
which has opened out with age and allowed the succession to ash-oakwood. 

Mointe. ash-oakwood. Along the boundary between the yew-ash and 
beechwood at Stead Combe (Fig. 3) the ash-oak associes is represented by 
relicts; for the most part beechwood presses hard on the yew-ash scrub and 
yew-ashwood. Brief reference is here made to three of these relicts. Near the 
eastern end an enclave in the upper margin of the beechwood is dominated 
by Fraxinus and Mercurialis in their respective layers, the shrub layer being 
represented by occasional Crataegus: there is no Taxiis. Midway along the 
slope there is an enclave dominated by Quercus robur and again there is no 
yew. But this associes is best represented in the south-west corner of the 
valley at the foot of the slope and adjoining the beechwood. The following 
are the chief woody plants and herbs: 


Acer campestre 
Cornus sanguinea 
Corylus avellana 
Crataegus monogyna 
Fagus silvatica 
Fraxinus excelsior 
F. excelsior (young) 
Ilex aquifolium 


Quercus robur a. 

Taxus baccata (all comparatiwlj? young) o. 
Bryopteris fiiix-mas o. 

Fragaria vesca f. 

Mercurialis perennis ci. 

Oxalis aeetosella f. 

Viola liirta o. 

V. silvatica (agg.) f. 


Tlie structure is tliat of a mature ash-oakwood. Yew is occasional, but 
despite the proximity of old yews there are no old plants here. 

Beech associes, Beechwoods in the associes stage are found on the wind- 
ward side of the woodland strips on Chilgrove Hill (Fig. 6, 39), Downley 
Brow (Fig. 0,40) and Holt .Down (Fig. 4,41); on tlie lower jiart of the 
southern slope of Stead Combe (Fig. 3,42); and in the valley bottoms and 
neighbourhood of Deep Combe and Malcombe (Ih'g. 7). The beechwoods in 
the first three localities are little more than very large clumps. 

The structure varies considerably in the different localities, and with the 
dominant beeches there grow ash and oak dairying in amount according as 
the associes is in an early or a late stage. On the exposed slopes enclaves 
may be filled with a scrub colonised by secondary and dependent ashh which 
on Holt Down is coppiced. The shrubs and ground flora vary witii the canopy. 

All forms of the beech, from aged pioneers to young erect stems, are 
represented; young stems predominate in the developing associes, but on 
Holt Down most of the trees are old. The ''parents'’ of the Btead Combe 

^ Watt. L,c, 1924, p. im. 
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wood are probably five very old dead and dying pioneer beeclies found along 
tbe slope about tbe middle of tbe wood; and of the Downley Brow wood two 
old pioneers (17 ft. 3 in. and 12 ft. 10 in. in girth at 24 to 30 in. from the base) 
growing near the southern margin. Pioneer oak and ash are also occasionally 
found. 

In all cases the direction of spread is mainly towards the yew system. This 
is confirmed from the occasional beech invaders in the ash scrub of Chilgrove 
Hill and Downley Brow, and in the ash-hazel coppice of Holt Down; and from 
the included ash and oak along the boundary between the beechwood and the 
yew-system of Stead Combe. 

North-east of Malconibe yews are occasional to locally frequent in the 
young beech associes; elsewhere in the late beech associes in the neighbourhood 
of Deep Combe and Malcombe they are sporadic or even absent, despite the 
proximity of fruiting yews. Frequently those that are found grow near and 
under the immediate canopy of ash or where the beech canopy is more open. 
In the beech associes of the other areas yews are frequent. 

The yew trees vary much in form and condition. Occasionally old pioneers 
are found, as for example locally in the forward margin of the beech associes 
in Stead Combe, where the old yews have been included, and near the southern 
edge of the Downley beechwood, where two pioneers grow measuring 9 ft. 1 in. 
and 9 ft, 5 in. in girth; but the majority of the trees are young and have 
obviously grown up under the beech canopy. These young trees are for the 
most part spire pointed, diffusely branched with scanty foliage— the leaves 
persisting on the secondary branches about 4 years only, and although sur- 
viving longer on the main branches are scattered. Under richly branched 
beeches occasional yews are flat topped, while under pioneer beeches no 
young yews grow. The young yews are obviously unhappy and whether they 
set seed is doubtful. 

One instructive old dead yew was found in the late beech associes above 
Malcombe. It was about 2 ft. in diameter and of pioneer form but it had 
produced from near the base an erect stem which had grown to a height of 
about 30 ft. and a basal diameter of 8 in. This stem, an obvious accommoda- 
tion to new canopy conditions, had also died. 

Scrub. To windward of the beech associes on the slopes there grows a 
scrub which varies in composition but shows similar structure. It consists 
of isolated bushes and scrub clumps in which trees may or may not be 
established ; yew is an invader in all areas. The Holt Down scrub is shown in 
PL V, Phot. 6. The beech associes is either not invading this scrub at all, 
as for'example on Holt Down, or is pushing into it very slowly as on Chilgrove 
Hill and Downley Brow. These areas demonstrate the quick transition from 
scrub to beechwood of exposed slopesL 



1 Watt. jD.c. 1924, p. 182. 
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The Eelation of Yew to woods of Ash-Oak and Beech. 

The status of the yew communities has already been determined; it is a 
society of scrub. This does not exclude it from occupying a position in ash- 
oakwoods or beechwoods, but in this case the yew society is in them but not 
of them. For the case is quite conceivable, although a yew society in beech- 
wood has not come under my observation, that the migrating yew^ society 
may be overtaken and surrounded by oncoming ash-oakwood and beechwmod, 
and yet owe nothing to them for its establishment or maintenance. 

In the woodlands examined we have seen that the yew society ’ may 
originate in scrub or in ash scrub, but no example of establishment in de- 
veloping ash-oakwood, mature ash-oakwood, beech associes or beech con- 
sociation has been observed. The later stages of the normal sere do not seem 
to favour yew society establishment. The relation of the yew to different 
kinds of woody communities will now be discussed. 

Relation to scrub. This has been discussed; the yew society may develop 
here. 

Relation to ash scrub. The evidence from Chilgrove Ilill and Downley 
Brow shows that the yew society may also develop here. 

Relation to developing aslhoakwood. In the developing asli-oakwood there 
is a breaking down of the typical scrub structure and a building up of the 
typical forest structure. Both in Deep Combe and in the adjoining ilalcombe 
yews grow in this stage. Some are obviously included from scrub but soine 
have grown up under the new conditions. These however show no definite 
movement towards the formation of a continuous canopy and the development 
of a true society. Yew may be a locally abundant constituent but local 
dominance is excluded, apart of course from the local dominance of a group 
of yews surviving from scrub or developed in ash scrub. 

Relation to mature ash-oakwood. In the small areas of mature ash-oakwood 
in Stead Combe, yew is only an occasional constituent despite the proximity 
of abundant and old yews. In other woods previously described^ yew may 
however be much more conspicuous; and is on tlie whole more frequent in 
sere 3 than in sere 2. 

Relation to heechwood (beech associes and beecdi consociation). On p. 191 
of the work cited the statement is made that as development of the beech 
associes proceeds the yew is gradually eliminated; and this is true of the 
beechwoods in the neighbourhood of Deep Combe and Malcombe. In the 
beech associes of Chilgrove Hill, Downley Brow;, Holt Down and Btead Combe 
the frequency of the yew varies but is on the wliole high. In the beech 
consociations of the plateau yew is infrequent and Adamson states that ‘'in 
the majority of existing beechwoods Taxus is only an occasional In 

the ''beechwoods on chalk’' (sere 4) he further says, ‘'The yew is present in 

^ Watt, L,c, 1924, pp. 105-171. Adamson, L.c. 1922, p. 201). 
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all of them, but is not abundant except in Head Down Hanger; in this wood 
the yew is locally subdominant and in the degenerate wood at Downley 
Bottom it becomes locally dominant^.’’ [Regarding Head Down Hanger the 
following is a transcript from my notes made during a brief visit: ''Much 
Taxiis, mostly young. Middle aged yew dead under pure beech canopy but 
young yews surviving with few or short lived leaves.” 

The general condition of the yews varies with the density of the canopy. 
Between the normal healthy yews growing under an open canopy and the 
poorly developed flat-crowned yews under beeches of semi-pioneer form there 
are all transitions. Under richly branched and heavily foliaged beeches the 
yew is absent. 

The shade-bearing capacity of the yew, the greatest among native trees, 
is pointed out by most writers, but according to Jaennicke^ the tree is sensitive 
to long continuing shade; and according to my own observations the yew does 
not grow well under a continuous and closed canopy of pure beech. Exactly 
how long it survives is not known, but the majority of the yews observed are 
young. On yews growing under these conditions ripe fruits have not been seen. 

Perhaps too much stress is laid upon shade as a factor limiting the growth 
of plants under woodland canopy. Root competition is an important and 
sometimes a deciding factor, but the yew shares with the beech the capacity 
to grow on shallow calcareous soils and its root system is probably as efficient 
as that of the beech. 

The yew has a low specific conductivity (12 ± 2)^, but unlike Eusciis 
aculeatus, Daphne lawreola and many conifers it can grow in dry places subject 
to drought: it is a soil xerophyte but not a dry climate plant. Conwentz^ 
reports that in the district of Heidenau, Bavaria, "-shade” yews, when exposed 
by the removal of the spruce and beech canopy, were observed to sicken and die. 

In the woodlands described here the yew attains larger dimensions in the 
hawthorn sere of deeper soils. 

The example described of a yew which exchanged its pioneer form for 
the diffiise shade form to suit the new conditions is paralleled among scrub 
elements, for example by which is a bushy plant in the open but 

assumes the shade form under canopy. The death of "open” forms under 
shade and their replacement by shade forms either from the same stock or 
by new individuals is a subject requiring fuller investigation than has hitherto 
been accorded it. 

A thicket scrub of hawthorn may be impregnable to trees, but under 
canopy there is no hint of Crataegus forming a definite closed society. Taxus 
seems to behave in a somewhat similar way, forming a society in the open, 


^ Adamson. L.c, 1922, p. 121. 

“ Jaennicke, quoted by Kircliner, Loew and Scliroter. L,c. 1908, p. 62, 
3 Farmer, Proc. Ser. B, 90, 1919, p. 218. 

* Gonweutz. Engl, BoL Jahrb, Beiblatt46, 1912, p. 48, 
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blit altliougli sometimes locally abundant in woods of asb, oak and beecb it 
seems unable to form a closed canopy under such conditions. 

Yew regeneration is of course severely handicapped by animals which 
destroy the seeds and eat the seedlings and older plants. And this factor is 
undoubtedly important, though it is not offered as a full explanation of the 
inability of the yew to form a closed canopy in ash-oakwoods and beechwoods. 

The Interpbetation of Chilorove Hill, Downley Brow, Holt 
Down, Stead Combe and Deep Combe Woodlands. 

Jew system. The development of the yew system has been discussed in 
Section L 

Beech system. On Chilgrove Hill, Downley Brow and Holt Down only 
two stages of the complete normal sere of woody communities are foiiiid, viz. 
ash scrub (and coppice) and the beech associes. The ash scrub of Chilgrove 
Hill still shows the clump structure and enclaves of grassland, that of Downley 
Brow is in a later stage of development but relicts of grassland occur. 

The beechwoods of these slopes resemble the beech associes of exposed 
slopes in which ash and oak are secondary and dependent, filling up the 
intervals between the beeches. On the windward side the ash-oak associes is 
not developed on Chilgrove Hill and Holt Down but is represented by patches 
of ash scrub on the more sheltered southern end of Downley Browx In all, 
invasion of the ash scrub and coppice to leeward is taking place. 

The relation of the ash scrub to the beech associes is clear; the ash sciiib 
is the early stage of the ash-oak associes developed to leeward of beech wood 
and compares in structure with ash scrub as described in previous work* 

To leeward of the beechwood in Deep Combe the normal succession is 
found — scrub, ash scrub, developing ash-oakwood — but as yet siiliicient time 
has not elapsed to allow the ash-oak\vood to attain to maturity of structure. 
Locally the developing ash-oakwood is hemmed in between the yew society, 
which occupies the position of the ash scrub, and the beech associes advaiicing 
from the valley: in part the beech associes abuts directly on the yew*" 
society. 

A later stage in this process of obliteration is demonstrated in Btead Combe, 
where for the most part the beech associes, probably derived from a few 
pioneers still extant, presses hard on the yew system. There is clear 
evidence to show that an ash-oak associes has been overcome by tluj beech 
associes advancing toward the yew-wood; relicts of mature ash-oakwood are 
found. 

From these areas an almost complete normal sere of woody vegetation 
can be reconstructed. This is in conformity with the development of the 
woody vegetation described in previous work. 
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The Origin of the Yew-woods and the Place of Yew in the 

Beech System. , 

In only one of these five areas — Deep Combe — is there evidence to show 
that the yew society has migrated from its original position. Subsequent to 
its withdrawal the woody communities of the normal sere have originated in, 
and progressed outwards from, the valley. 

In Stead Combe it has been shown that the oldest yews grow on the slope 
near the south-west corner of the valley. There is no evidence that yew- wood 
ever existed on the site now occupied by beechwood, and if scattered pioneer 
yews ever grew there they have quite disappeared. Difficulties in the way of 
yew establishment and extension were pointed out in the study of the woody 
vegetation on the floor of Kingley Vale, and the observations from Downley 
Brow and Chilgiove Hill emphasise these obstacles on the gentler lower parts 
of these slopes. To detail the exact course of the development of woody 
vegetation on the lower slopes of Stead Combe is impossible, but the evidence 
justifies the conclusion that a succession of hawthorn scrub, ash-oakwood and 
beechwood has taken place. 

On the three slopes, Chilgrove Hill, Downley Brow and Holt Down, there 
is again no evidence to show that the yew- woods have withdrawn from their 
original position or are migrating as a whole along the slope. This simply 
means that the yew society is comparatively recently established and that the 
original colonists are still extant: that the yew society will migrate, under 
conditions similar to those existing, seems clear. That migration and sub- 
sequent colonisation by ash scrub and beechwood has taken place is negatived 
by the occurrence of scattered old pioneers in the beech system. These 
pioneers are old, but none are quite as large as the largest yews measured in 
the latest stage of development represented in the adjoining yew system; they 
are however of the same order of magnitude. 

From internal evidence the ’ early history of these woodlands can be 
reconstructed. In a hawthorn scrub scattered in the grassland of the slopes, 
appeared yew invaders. The scrub to leeward, benefiting from the shelter of 
that on the windward side, developed more quickly and allowed a more rapid 
growth of the yew families in the position now occupied by the largest yews. 
The increased shelter thus afforded by the wind-resistant yew promoted the 
spread of scrub to leew'ard and with it the extension of the yew, the g: 
of yew families and the differentiation of the serai communities. 

The development of the vegetation wundward of the yew system can best 
be explained by picturing the state of the vegetation before the establishment 
of the beech and the beech associes: this is materialised in the scrub south of 
the beech associes on Holt Down, which consists of a scattered hawthorn 
scrub with scrub clumps and yew invaders (PL V, Phot. 6). Since the position 
of this scrub was to windward, development both of the scrub itself and of the 
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yew families was very slow and quite old yews occurred scattered in tlie open 
scrub. The establishment of the beech and its subsequent development to 
woodland provided shelter and stimulated the grow^th of scrub, w^hich rapidly 
filled up the intervals between the original clumps and permitted the growth 
and spread of ash, hitherto absent or rare in the exposed open scrub. The 
spread of the scrub allowed more rapid increase in the size of the yew families. 

This hypothesis conforms to the known behaviour of ash, beech and yew 
and explains the distribution of old pioneer yews both in the ash scrub and 
in the beech associes. The frequency of hazel in the ash-hazel coppice is in 


conformity with its frequency in the ash scrub of the beech system. 

On Downley Brow, in addition to the young beech invaders, there are four 
clumps. In these all the trees now living are old, of pioneer and semi-pioneer 
form, and have grown up in open conditions such as })re vailed during the early 



stages of vegetational development windward of the yew system. In the open 
scrub with yews of that period, pioneer beeches had become established. Three 
of them at any rate have reproduced and formed a family, but no further 
extension has taken place. These clumps are degenerating, but tliey are not 
considered to be the remnants of an original beechwood but pioneer elumps 
which have failed to extend. 

Of the woods considered by Adamson to be degenerate^, two are included 
in the present account, viz. Oxenboiirne Down (eastern slope of Wascombe 
Bottom) and Downley Brow. The Downley yew- wood he considers as having 
arisen from a beechwood from which the dominant trees iiave been removed 
or died and he finds in the degenerate beech clumps and in the presence of 
some woodland plants such as Arum macidfdum and Jlereurkdis pereunis 
evidence of previous continuous woodland cover, lie also sees in the present 
distribution of the beech clumps the progressio!i of destruction of the beech 
forest. The origin of the Oxenbourne wood is not so obvious, but he classes 
it along with the Kingley Vale yew-wood and considers both as a subclimax 
due to the destructive action of rabbits in large numbers. 

The following criticisms of this view are offered: 

1. The presence of Merctirialis peremm and Aram mucidatam cannot be 
held as reliable evidence for the former existence of woodhnid because botli 
occur in places reproducing woodland conditions, e.g. under scrub and by 
hedgerows. 

2. On Downley Brow the beech clumps consist of trees showing pioneer 
or semi-pioneer forms which could only have appeared in open eoiniitioiis. 
Further there is no relation between the supposed progression of beecliwood 
destruction and the stage of development reached by tlie yew-wood. 

3. The view does not explain the occurrence of old pioneer yews in the 
beech system: yews grown under canopy do not develop bush or pioneer 
forms. 


^ Adamson. Lx, p|». 20(5, 208-210. 
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Status of the Adult Yew community. 

The preceding analysis shows that the yew loses its high sociability value 
in the woodlands leading to the beech consociation; in these, in fact, the yew 
community disintegrates. 

The determination of the status of the adult yew community in the 
vegetation of the South Downs is based on the well-attested belief that the 
beechwoods are progressive. On the calcareous soils of areas not yet or but 
insignificantly invaded by the beech — the Downs east of the Arun, Butser 
Hill and much of the lower dip slopes of the western wooded area — grassland 
predominates, and scrub with yew societies is found in valleys and sheltered 
places. This is believed to represent the original condition of the vegetation 
in areas now wooded. Grassland is climax and the yew forms a society in 
post-climax scrub, growing in areas whose local climatic conditions favour 
the development of woody communities. On slopes similar favouring con- 
ditions are provided by the coalescent yew groups to leeward of which in- 
variably occurs the main development. 

On these calcareous soils formerly dominated by grassland the arrival of 
the wind-resistant beech provides the conditions necessary for the extension 
of scrub and woodlands of ash and oak. Although yews are found in this 
scrub of the main line of succession, there is apparently no time for the 
development of the yew society which is not normally found there. Occurrence 
within the main line, as at Deep Combe, is due to a society of the original 
scrub being overtaken in its migration by the faster moving ash-oakwoods 
and beechwoods, in which the yew society disintegrates. The yew society 
is therefore not a normal constituent of the succession leading to beechwood 
and in Clement’s nomenclature is a relict society. 

In summary we may say that the adult yew community is a society of the 
original post-climax scrub and a relict society in the succession culminating 
in the present progressive beechwoods. 


SuMMAKY OF Section II. 

The analysis of five South Down woodlands shows that one part consists 
of a series of stages leading to pure yew-wood, the other to beechwood. These 
are called respectiyely the yew system and the beech system. In no one area 
are all the stages of the beech system found. The following is the generalised 
succession: 

Yew system. Scrub, yew-ash scrub, yew-ashwood, yew-wood. 
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Beech system. Scrub, ash-oak associes, beech associes, beech consociation. 
In four woodlands the yew system extends to leeward of the beech system; 
the fifth grows on a sheltered valley slope. ' . ^ 

The structure and development of the yew system is described m Section I. 
It is believed that the yew-wood originates by yew invasion of a scattered 
scrub growing on a slope. Development and differentiation of the serai stages 
take place to leeward, whilst to windward the scrub remains in an open 

condition. , , r i j: 

The beech system is believed to arise subsequent to the establishment of 

a protective woodland of wind-resistant beech. To leeward succession proceeds 
through scrub to ash scrub, developing and mature ash-oakwood, beechwood. 
The ash-oak associes may be artificially stabilised as coppice. 

The relation of the yew to these woody communities is discussed. The 
yew society may arise in scrub and in ash scrub, but although yeivs may be 
locally abundant in developing and mature ash-oakwood and in beechwoods, 
there is no good evidence to show that a yew society can be formed there. 
The inability of the yew to grow well under a continuous and closed canopy 
of beech is pointed out. 

Previous views on the origin of yew-woods are criticised chiefly on the 
ground that they fail to explain the phenomena of development described in 
this paper. 

The fact that all the yew-woods described both in Sections I and II are 
remote from or on the outskirts of blocks of progressive woodlands of ash-oak 
and beech is evidence in favour of the interpretation put forward. 

Grateful acknowledgements are due to Mr Tansley for criticising the 
manuscript and to the Carnegie Trustees for financial assistance in carrying 
out the work. 

Aberdeen, March 1926. 
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INTRODUCTION 

In the present paper the plant communities and certain retrogressive 
changes on small well-defined peat areas in the Edmonton district will be 
described, and the origin of the peat deposits discussed. 

In Canada the term muskeg’’ is applied to areas of peat covered with a 
certain type of vegetation. The term is practically synonymous with peat-bog. 
Sphagnum is usually a much more pronounced feature in the peat areas of 
Canada than it is in northern England and Scotland, and trees of small or 
moderate size frequently occur on these areas. These features often give ^ a 
very different impression to the usually treeless areas of Northern Britain. 
Many plants are common over these areas in both countries, but in Canada 
Ledmn groenlanddmm takes the place of Calluna vulgaris as the dominant 
shrubby ericaceous plant. It will be convenient in considering the distribution 
and succession of the vegetation if a brief description of the topography and 
meteorology of the district is given first. 
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TOPOGRAPHY 

AD tlie peat areas to be described lie witbia 30 miles of Edmonton, on the 
last step of the plateau east of the Rocky Mountains, which rise about 200 
miles due west of Edmonton. The general altitude varies between 2180 ft. 
(Edmonton) and 2500 ft., the country being gently undulating except along 
the inain river valleys, which usually descend abruptly to 200 ft. below the 
plateau, with steeply sloping gorges where tributaries enter the main valley. 

Reference to the map will show, to the east and south-east of Edmonton, 
areas in which lakes occur in great abundance, varying in size from Cooking 
Lake, 9 miles long and from to miles wide, to small pools 300 ft. across. 
Over an area of 400 square miles there are several hundred lakes large enough 
to be marked on a scale of 3 miles to 1 inch, and the total number, including 
the smaller lakelets, is probably greatly in excess of this number. 

Much of the lake country differs somewhat in topographical features from 
that found elsewhere. Little hillocks abound, seldom more than 1.5 or 30 ft. 
high, often connected by curving ridges with flat basins between, and it is in 
these basins of varying size that the lakes and muskegs occur. All this country 
lies within the 2400 ft. contour line and therefore forms a plateau about 300 ft. 
above the country eastward which drains immediately into the Sa.skatchewan 
Valley. None of the lakes is of any depth, the maximum in Cooking Lake 
being 18 ft. whilst most of them are from 6 to 12 ft., and may be described as 
flat-bottomed basins lying on drift. The general flora of the waters is proliflc, 
members of the Cyanophyceae being abundant, with many diatoms, a general 
absence of desmids, and a scarcity of filamentous members of the Chloro- 
phyceae (see List, pp. 331-2). The lakes are frequently liordered by a zone 
of Carices and Scirpi, backed by zones of willow or spruce. 


METEOROLOGY 

Very few data exist except figures for rainfall aiid temperature, and oven 
these records are available only for a few stations, are often im[)orfect, and 
do not extend over many years. 

The rainfall records for three widely separated stations. North Cooking 
Lake about the centre of the lake area, Rocky .fountain Roust!, 90 miles 
south-west of Edmonton and 60 miles from the mountains, and Red Deer, 
100 miles south of Edmonton, arc given below. 


Annual Predfitation (inches). 

1916 1917 1918 1919 1920 1921 1922 1928 192+ 

— — * 22-87 11-69 l.‘5-4-t 1-1-!W lS-;!t 

-— 14-58t 16-33 19-63 11-00 12-8.1 lti-99 iK-27 

16-58 * 13-40 12-81 * 12-21 22-92 20-07 

22-.'53t 18-95t * » — 9..66S * IK- 14 

t Jan.-Peb. missing. J: Oot. missing. § July-Aug. mitwing. 


Athabasca 
North Cooking Lake 
Red Deer 22 

Rocky Mt. -House 

* .Incomple4ie returns. 



:aoki^9^ 


Sketch-map of the eoiixitry round Edmonton, showing the lake country in the south-east, 
are situated; and the Sturgeon River basin in the north-west (stippled dark below 2,200 
comer) of which the Stony Plain muskeg and lake, also described, are situated* . 
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The earliest records do not. date back farther than 1916, and some years 
are so incomplete that they have not been included; in others which are less 
so, the months that are missing have been indicated. 

It is impossible to draw any certain conclusions from these records except 
that the rainfall is about 15 in. per year in the lake region, at Rocky Mountain 
House about 18 in. and at Red Deer about 16 in. Much of this comes as snow 
during the winter months but varies from 6 in. or even less in some years to 
a total winter fall of 5 or 6 ft. in other years. We are indebted to Sir Frederick 
Stupart, Director of the Dominion Meteorological Service for these figures. 
The difficulty of maintaining continuous records in sparsely settled districts 
must be great, and this was much accentuated during the later years of the 
war. The need of more scientific study of meteorological conditions such as 
light intensities, evaporation, relative humidity and wind movements, is 
obvious, the more so as climatic conditions are more variable in the north-west 
of Canada than anywhere on the Continent, 

Probably no year ever occurs when the muskegs are not frozen continuously 
between early October and the latter part of April. Activity of the vegetation 
is thus limited to five months of the year or even less. Owing to high tem- 
peratures and frequent unclouded skies during the growing season, temperature 
gradients in peat areas are extremely abrupt. Thus in June or July with a 
shade temperature of 90"^ F. at the surface of the muskeg, the ground may be 
frozen 18 in. below the surface, and in many of the muskegs in which there is 
little or no circulation of water, the layers 2 ft. below the surface remain 
permanently frozen. Since many of the muskegs are not more than 100 yds. in 
diameter and are surrounded by banks of dark alluvial soil covered with 
poplar and grassland and sometimes cultivated, no greater contrast of con- 
ditions or vegetation within a small distance could well be found. 

During the winter, humidity is nearly always extremely low and although 
it may attain a high value for short periods in the summer, the mean value 
is usually small. As regards rainfall, humidity and temperature, the climatic 
factors are not those usually associated with rapid or extensive peat formation, 
and the retrogressive changes seen in so many of the muskegs would probably 
be more marked were they not frozen for about seven months in each year. 

VEGETATION OF AREAS NOT COVERED WITH PEAT 

The area under discussion lies near the northern boundary of the parkland 
that stretches across the central region of Alberta and is bounded on the 
north by coniferous forest and on the south by northern prairie, which differs 
essentially in climatic features and vegetation from the semi-arid prairie 
lying farther south. The parkland belt in the meridian of Edmonton is about 
160 miles in width and extends 40 miles north of the Saskatchewan River. 
It may be regarded as a transition zone between the prairie and the northern 
coniferous forest. Originally this undulating plateau was fairly continuously 
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covered by various species of poplar and shrub thickets. The dominant tree 
is Pofulus tremuloides Michx. and although much has been cleared for agri- 
cultural land, probably the major part of the area is still tree-clad. Accom- 
panying the dominant species of poplar are several others, P. deltoides 
March, P. sargentii Dode. and P. balsamifera L. being locally abundant. 
Thickets of Salix are frequent, and throughout the country may be found 
Picea albertiana G. Brown (the western form of P. canadensts) occurring either 
singly or in groups and frequently becoming the chief tree in the river valleys 
and ravines. The coniferous covering is greatly extended by the numerous 
muskegs in certain regions. The chief tree here is Picea mana/mt (Mill) B.S.P. 
(black spruce), although iMnxlaficim^^ (Du Eoi) Ivocli frequently aeconipaiiies 
it. Birch is not abundant and chiefly occurs on the sides of some of the valleys 
and on muskegs. 

The flora of the poplar woodland consists of a number of shrubs, among 
which species of Rhamnus, Lonicera, Ribes, Rosa^ SaILi\ Shcpberdia^ 

Eleagnus, Pnmiis, Amda^nchier, Symflioricafpus are most noticeable, wliilc 
the ground flora includes Linnaea^ Disfonim, Alerlensia, Potodilla^ MiteUu, 
Pyrola. 

The contrast of this form of vegetation, so uniform over large areas, with 
the plants found on the muskegs is very great, and is accentuated by the 
small size of many of the muskegs and the very narrow transition zone — often 


only a few feet across — ^from one type to another. 



DISTRIBUTION OF MUSKEGS 

While the two areas mentioned have been selected for description it may 
be of interest to indicate briefly the main features of muskeg distribution 
over larger contiguous areas. Muskegs at various stages of development or 
retrogression are of course confined to the parkland and coniferous forest to 
the north and are quite unknown in the prairie regions. In the parkland there 
is a progressive increase to the north and to the west. Tlie most southerly 
muskegs observed are in the region of Lacombe, 87 miles south of Edmonton, 
and thus approximately 33 miles north of the southern boumlary of |iarkland, 
but farther west examples occur in a more southerly position. A mark(H'I 
feature is their constant association with regions of lakes. 

The distribution of peat areas is not indicated on any topographical or 
geological maps, and for this reason any account of their distribution in sueli 
a wide stretch of country must necessarily be imperfect. Generally speaking, 
the areas increase in extent west and north-west of Edmonton and on a|)proach 
to the coniferous forest, continuous areas many miles in extent are encountered. 
Some of these larger areas have a different vegetation and prolaibly vary in 
their developmental history from the small basins in the Edmonton district, 
but nothing has yet been recorded regarding these features, and from a. 
botanical point of view they are cpite unknown. Peat-covered areas are 
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unknown in the Eastern Rocky Mountains, but in the foot-hill region north 
of the Edmonton parallel they frequently cover large stretches of country. 
Their association with moraine remains can be noted in all districts. 


VEGETATION OF THE MUSKEGS 
(a) Cooking Lake Distbict. 

Between Edmonton and the northern shore of Cooking Lake lies a 
succession of muskegs occupying small, shallow and sharply defined basins. 
A number of these have been examined and two representative types are 
described here. Owing to the scarcity of place names on the maps, all the 
muskegs are designated by serial numbers and are so referred to in this paper. 

No. 1 occurs 9 miles south-east of Edmonton and its topography and 
general features are shown in Eig. 1 and illustrated in PL VI, Phot. 1. 


Chcukr tc5i]t Wu& clay |[ooi 
$ cirji u. 5 - Car e X ve j tM lo n. 


CaTtx. Salir. 

Fig. 1. Muskeg No. 1 iji shallow clay basin surrounded by morainic banks. 
Ph = Hydrogen ion concentration. For Vegetation, see Plate VI, Phot. 1. 
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The vegetation tends to be uniform and the dominant species are: Ledum 
groenlandicum Sphagnum acutifolium var. rubellum (Wih,) Eussow., 

Yaccinium vitis idaea L., V. oxycoccus L., Rubus chamaeniofus L. 

Subordinate species are: Vacainium canadense Kalm., Erioflionim vagi- 
natum Torr., Vagnera trifoUata, Cladoniapyxidata HoSm,, 0. rangiferina Web., 
Peltigera sp., Polytrichim commune L., Willd. 

The growing centre of the muskeg consists of a small irregular extent of 
water a few feet across bordered by Sphagnum on which grow Vagnera 
irifoUata, VacGiniu 7 ?i oxycocctis, Eriophorum vaginatuni, and Larix laricina, 
A few small patches of Menyanthes tfifoliata occur in the pool, this being the 
only spot on the muskeg where this plant is found. This ecological centre is 
surrounded by mounds of Sphagmm somewhat drier in character, bearing 
Ledum groenlandicum^ Polytrichum commune, larch and seedling birch. 

The whole muskeg is dominated by actively growing S^^hagnum, wet and 
spongy, forming mounds about 8 to 12 in. above the intervening hollows. 
Very little donation of vegetation is to be seen, but as the outer zones of the 
muskeg are approached Yaccinmm vitis idaea becomes relatively more 
abundant and Yaccinium oxycoccus decreases in amount. It will be seen from 
the sketch-map that the muskeg lies in a small basin and is surroiiiicled by a 
border of Carca; bog varying slightly in width, with a zone of Salices and Mmis 
close to the muskeg. The arrangement is symmetrical and the transition from 
the Carex bog to the sloping banks with Populus tmmuloides and the usual 
ground flora is most abrupt. Borings were taken at several points marked on 
Fig. 1. The general depth of the basin is 8 ft. below the present surface of the 



muskeg, and the underlying material found in the borings is a stiff blue clay 
containing numerous grains of rounded quartz. This clay is described more 
particularly for Stony Plain muskeg. The peat immediately overlying the 
clay is not formed of Sphagnuvn mA seeds and fruits of Potamogeton sp., 
Menyanthes trifoUata L., Potentilla comarum L. and Carex sp. have been 
collected from it. Thus the vegetation in this small basin was that of a shallow 
lake which in the course of time gave place to a peat bog vegetation. 

Most of these muskegs are clad, to a varying extent, by fairly large trees 
of black spruce, birch and larch. This condition seems to have persisted for 
a long time as tree remains are found in this muskeg, as far as can be ascer- 
tained by borings, throughout the peat layer. Although the trees are relatively 
small, many are of considerable age and certain features connected with, their 
rate of growth will be described in this paper. The present surface water has 
a pH 5 over the whole muskeg, but on the Carex bog only a few feet away 
from the margin of the muskeg values of pH 8 are obtained. 

The topography in which this, and all other muskegs in this area occur 
calls for brief description. Everywhere are mounds and curved riciges enclosing 
small basins. The mounds and ridges are of slight altitude, usualJy about 
10 to 30 ft. high and resemble well preserved morainic ridges and mounds. 
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Phot. 2. Circular basin with floor of blue clay and Carex boi 


gin of Cooking Lake Muskeg No. 2. Raised muskeg to left and 
abrupt descent to SLirroimding Carex bog (p. 322). 
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The material of which the ridges are formed, however, is a yellow clay in 
which occur scattered boulders of great size. The clay underlying the muskegs 
in the basins is dark blue-grey with rounded quartz grains, from mere specks 
to about 5 mm. in diameter. The system of mounds and ridges and the 
material of which they consist, suggests deposition by water action at the 
retreat of the ice-sheet. 

No. 2 muskeg occurs about half a mile east of No. 1. Its area is about the 
same, but important retrogressive changes have taken place. The whole 
muskeg is closely covered by Ledum groenlandicum with S'phagnum. The flora 
is essentially similar to that of No. 1 but the relative abundance differs, 
inasmuch as S'phagnum shows disintegration, particularly on the southward side 
of the mounds. Seedling trees do not occur in such abundance, and plants 
associated with the active growth of Sphagnum, such as Vaccinium oxycoccus, 
are not so frequent. The salient feature consists in the distribution of vege- 
tation types in the small basin in which the muskeg is situated. The muskeg 
is surrounded by a zone varying from 20 ft. to 100 ft. of Scirpus bog and exists 
as a platform raised about 3 ft. above the encircling Scirpus zone. The border 
in some places is abrupt and the banks steep, but on the south margin, where 
the Scirpus zone is broadest, the muskeg is scattered and occurs as isolated 
patches separated by channels of Scirpus. The flora of the isolated muskeg 
mounds consists of Eriophorum vaginatum, Scirpus caespitosus with Ledurn 
groenlandicum, Polytrichum co^nmu-ne and a slight amount of Sphagnum. 

The broad zone of Scirpus-Carex bog, the raised platform of muskeg 
within, the scarcity of Sphagnum and the dominance of Ledum over the 
whole peat area, are the chief features of interest in this area. 

(6) Looma District. 

This region is intersected in all directions by a network of small shallow 
lakes containing luxuriant vegetation which appears to consist mainly of 
Utricularia intermedia Hayne, Potamogeton spp. and an algal flora of which 
members of the Cyanophyceae — particularly Nostoc—B.ie the chief con- 
stituents. It is difficult to examine the flora of most of these lakes as they 
cannot be approached during the summer owing to their being surrounded 
by a margin some hundreds of feet wide of liquid peaty clay more than 10 ft. 
in depth. Shallow basins of smaller size and tending to be circular in outline 
are occupied by muskegs. The whole topography differs from Cooking Lake 
by the greater number and irregularity of the lakes. Four separate basins 

occupied by muskegs were examined in this district. 

No. 1 is a small area near Looma, not more than 200 yds. in diameter, 
similar in general topography to No. 1 previously described from the Cooking 
Lake district, but presenting more strongly marked features of retrogression. 

The dominant plant is Ledim groenlandicum^ but this is tending to die 
out, particularly in certain spots, as will be described later. Accompanying 

21—2 
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plants in the order of their abundance are; Erio-phorum vaginatim. Torr., 
Vacciniuni canadense Kalm., Cladonia rangiferina Web., Vagnera Irifoha (L^ 
Morung, Polytrichim oommwm L., EMhus dmmaemorus L., Vacommm vitas 
idaea L. Vacdnium oxycoccus is only represented by occasional isolated plants 
and from the authors’ knowledge of this muskeg the relative quantity of this 
plant seems to have decreased during the last five years. On the other hand, 
Cladonia is increasing and is invading both Sphagnum and PolytncJmm 



The appearance of a mound in this muskeg is illustrated in Fig. 2. It .sliow.s 
that these mounds, which cover the surface, while built up by the original 
Sphagnum covering, are now being invaded by a different tyjie of \egetation, 
particularly on the slopes facing the south. Because of this the appearance 
of the muskeg is entirely different according to whether it is viewed from the 
south or the north. Viewed from the north the mounds appear to be covered 
with a good growth of Sphagnum and Ledum. From the south they appear 
brownish in colour, being covered with dead Polytrichitm comninne and dead 
Ledum, only the lower slopes of the south face having a .slight growth of 
Sphagnum. The depressions between the mounds are covered cliiefly with 
Cladonia rangiferina. A border of Car ex bog surrounds the muskeg, thi.s 
being invaded at the outer edge by willow scrub. 

In comparing the pH concentration of the waters from the marginal 
Car ex bog and the muskeg itself there is found a steep gradient from 
salinity to’ a strongly acid reaction. The pH concentration of the water in 
the Carex bog is 7-5 and this remains constant to within 2 ft. of the edge of 
the muskeg. The water squeezed from the living Sphagnum, on tlie north side 
of the mounds is pH 4-5. 
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No. 2. The general features of this small area are illustrated in Fig. 3. 

The surface of the muskeg is covered with mounds formed of Sphagnum peat 
but no living Sphagnum ocguxb except small isolated patches on the north 
face of a few of the mounds. The original flora appears to have been similar 
to No. 1 muskeg near Cooking Lake but progressive desiccation has caused an 
entirely different aspect. Ledum groenlandicum and Sphagnum were originally 
the dominant plants, but hardly a living plant is now to be found, although 
the surface is covered with dead branches. The living plants now consist of 
Vaccinium canadense, V. vitis idaea, F. oxy coccus (very rare), Cladonia 
rangiferina (scarce) and Polytrichum commune. This feature of retrogression 
is probably due to the exceedingly small size of this muskeg, the actual 
diameter being 200 ft. 
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No 3 is an example of extreme retrogression, the original muskeg having 
completely disappeared. The basin was originally even smaller than the one 
iust described and the last vestige is now represented by small patches with 
isolated plants of Ledum and Vacdnium nitis idaea. On the small mounds 
(originally tenanted by Sphagnum) are now to be found many grasses, Epilo- 
Uum angustifolium, Equisetum s^jhaticum., and in the hollows between the 
mounds are liuhus arcticus, Ribes spp., Potentilla comarum, P. monspehensis. 

The pH of the water between the mounds was 6-0. 

Other small peat areas in this district showed similar features ; generally 
speaking the greatest evidence of retrogression due to desiccation is seen in 
the smaller muskegs. 

THE STONY PLAIN MUSKEG 

, Lar^e areas of the country to the west of Edmonton consist of muskeg. 

The region that has been particularly studied lies on the north side of the 
Saskatchewan Kiver within a thirty mile radius of Edmonton. The long 
stretches of muskeg country in this district contrast sharply with the small 

isolated hasins that are so plentiful to the east. 

Passing westward from Winterburn (see Map) the mam road rises over a 
lobe of plateau land at the 2300 ft. level covered with morainic deposits, and 
at Spruce Grove skirts the southern edge of the Sturgeon If alley which is 
marked out on the map by stippling— light between 2300 ft. and 2200 ft. 
: and dark below 2200 ft., where there is an interrupted strip of muskeg in 

some places and fairly large white spruce in others growing on o!d^ muskeg 
ground. Our field observations show that during the retreat of the lee-sheet 
this part of the Sturgeon Valley was occupied by a lake, which at first was held 
up to the 2300 ft. contour line by an ice-lobe which filled the lower part of the 
^ , valley of which Big Lake is now the centre. During this period the ice in the 

lower part of the valley dammed the outlet, and the head of the vallej north 
{M of Stony Plain became filled with a marginal lake in which was deposited line 

glacial silt, laid down as a marginal deposit below the 2300 ft. level. Subsc- 
q[uently, as the ice retreated, the valley became partly drained tiirougli the 
gorge now extending from St Albert to Sunny Glyde, Big Lake still remaiiiing 
as the last remnant of this post-glacial lake. 

The muskegs here, in spite of evident signs of retrogression, have not 
■: ji suffered so much from desiccation as those in the east, and this feature may 

f be due to their larger size. They usually have a thick stand of I iccu iHut uintL, 

! Larix laricina and Betida papynfem, thus approaching more closely to the 

climax type. This is particularly noticeable at the margin, where they are 
usually bordered with a fringe of taller trees, so tliat from a height of lanti 
one may see, over the lower country in the distance, long stretches of muskeg 
r covered hy small trees, with a border of tall black spruce that stands out 

against the horizon. 
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Phot. 4. Forest of Picea 7nariana with Ledum groenlandicu m at the west end 
of the Stony Plain muskeg (p. 327)- 


Phot. 5. West end of Stony Plain muskeg. Muskeg on the right, with Picea mariana. Ledum 
and Sphagmmi. Scirpus bog on the left (p, 327). 
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An area about tbree-qiiarters of a mile long and one-third of a mile wide 
at the south-western edge of this post-glacial lake shelf has been studied in 
detail, and retrogressive changes of great interest due to the inflow of springs 
highly charged with mineral salts will be described. The muskeg is bounded 
on each of the three sides by rising ground, tenanted by large trees of Picea 
albertiana S. Brown coming from the parkland vegetation. A study of many 
of these borders seems to show that this tree flourishes particularly well on 
the decomposed peat of the margin of receding muskegs if the margin is well 
drained. The outstanding feature of this area is a lake (Plate VIII, Phofcs. 6-8), 
which, instead of representing a stage of upbuilding of the muskeg, is clearly 
encroaching upon it. 

A plan of the general appearance of the area is shown in Fig. 4. The 
features presented by the numerous island outliers of mature tree-clad muskeg 
at the west end of the lake, and the character of the muskeg banks of the lake, 
at once suggested that the lake represented a stage of retrogression. It was 
not, however, until hydrogen ion concentration measurements of the lake and 
muskeg water were taken, borings over the lake bed and muskeg were carried 
out, and the dying h8i,ck oi S'phagnum near the lake and the presence of 
calcium salts in the peat noted, that this view became conclusive. 

An account may first be given of the vegetation units of muskeg and 
Carex-Scirpus hog. 



FiCt. 4. Muskeg near Stony Plain, (a) Section along line A, B in plan, (b) showing calcareous lake 
occupying basin of decomposed peat with islands of peat still surviving. The numbers 1-4 indicate 
spots from which the water has been analysed (see p. 333). 


The Muskeg Abea. 

The dominant tree is Picea mariana (Mill) B.S.P. associated with Larix 
laHoina and Betula papyfifera. The western and eastern ends are more heavily 
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tree clad (Fig. 4) and the muskeg is less denuded and more closely covered 
with vegetation. This is illustrated by PI VII, Phot. 4 and PL IX, Phot. 9. 

The ground vegetation is composed of the following typical peat-forming 
plants which are here arranged in order of their relative abundance: Ledum 
groenlandicum Oedr., Sphagnum acutifolium, Empetnim nigrum L., Hypnum 
spp., Vaccinium oxycoccus L., F. vitis idaea L., Drosem roUmdifolia L., D. 
linearis Goldie, Rubus chamaemonis L., J?. arcticus L., Vagnera longifoUa L. 
(Morung). With these plants, and particularly under the trees or near the 
margin of the lake, occur Pyrola uUginosa, Orchis rotund/ifoUa Pursh, Corallo- 
: rhiza wisteriana Conrad. On the more lightly wooded parts of the muskeg 

occur plants which suggest retrogressive changes, such as Salix candMay 
! Lonicera imolucrata, Epilobium angustifoUum L., LimnoreJm dtkluto (Pursh) 

; Kyd., Cladonia rangiferina, the latter being more abundant where the trees 

thin out. 

Throughout the muskeg there are clear signs that retrogression is taking 
place, for the Sphagnum forming the familiar mounds on our muskegs is 
frequently dead towards the base, or in patches on the sides of the mound, 
and these are invaded by blue-green algae. When decomposition has proceeded 
for some time such dead patches become replaced by Eypnimiy and it is not 



uncommon to see a 


partly decomposed Sphagmmi mound made up of smooth 



patches of peat covered with blue-green algae, while other patches shoW’ a 
close sward of Hypnum. Tests carried out in the field showed a strong reaction 
for carbonates with dilute hydrochloric acid, a reaction not given when the 
reagent is used on the living 

The islands in the lake (PI. VIII, Phot. 8) have essentially the same flora, 
save that Sphagnum is replaced to a great extent by Hypnnm. This type of 
vegetation changes very little until the edge of the lake is approached when 
species of Scirpus and Carex with ElepJiantella groenlandim (Rete.) Ryd., 
Parnassia palusiris L., P. glutinosa Pers,, Lonicera inrolucrata^ Triglochi m mari- 
timum L., form a narrow irregular fringe about 18 in. wide (PL \TII, Phot. 7). 

It was not found possible to cut sections through the peat on account of 
the amount of water coming through, btit borings with a 2 in. clay auger and 
25 ft. extension rods were carried out in several spots of the muskeg, both 
within a few yards of the lake and near the margin of the area. All tliese 
borings agreed in showing a depth of 13 ft. underlain by stiff blue day. 
Sphagnum appeared to be abundant in the peat to within a few inches of the 
bottom and the auger passed through the remains of tree trunks to within a 
few inches of the base of the peat. A thin layer at the base of the peat contains 
no Sphagnum and is made up of the remains of Scirpus. 

The blue clay was bored through to a depth of 4 ft. or 5 ft, in various 
sections. It appeared to be uniform in character, containing very little water, 
with numerous quartz grains, generally less than I mm. in diameter. It 
quickly dries into a hard substance only fractured wdth difficulty. The upper 



■ , 




Phot 8, Muskeg islands in the lake on the Stony Plain muskeg (p. 328). 
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layers contain numerous seeds or fruits of the following plants: Eiffuru 
vulgaris L., Potamogeton obtusifolkis Mert and Koch, Potamogeton sp., Ogperus 
sp., Sciffus subterminalis Torr. The remains of these aquatic plants appear 
to be confined to the upper 3 or 4 in. of the clay, at lower depths the very 
small shells of gastropods are exceedingly abundant to a depth of 4 to 5 ft. 
This gave a total depth (peat and clay) of 18 ft. from the surface, and was as far 
as it was possible for the boring equipment to penetrate owing to the exceeding 
stifiness of the clay. Mr J. A. Kelso, Director of the Industrial Laboratories, 
kindly had an analysis made of this clay, the result of which is given below. 


Silica 

... 62 - 2 % 

Alumina 

... 10*1 

Iron oxide ... 

... 31 

Lime ... 

... 7-6 

Magnesia 

... 1-4 

Sulphates ... 

... nil 

Phosphates (P2O5) ... ... 

... 0-1 

Ignition loss 

... 14-4 

Alkalies, etc 

... M 


Dr J. A. Allan, Professor of Geology, to whom we are indebted for an 
examination of the clay, reports that the material is a pure glacial silty clay 
deposited near the retreating ice-point. A similar clay occurs in the small 
basins between morainic ridges and mounds in the Cooking Lake and Looma 
districts and it is upon this impervious stiff glacial clay that all the peat 
deposits appear to rest, a matter of some interest, since it gives evidence that 
the peat bogs here described began to grow immediately after the last ice- 
sheet retreated from this country. This clay will be referred to later when 
dealing with the post-glacial history of this region. 

Carex and Sojrpus Bog. 

Reference to Fig. 4 will show this extending as two irregular areas from 
the east and west end of the lake. At the west end the Scirpus runs into the 
muskeg as a series of winding channels, the boundary between these and the 
muskeg being exceedingly sharp as is shown in PL YII, Phot. 5. The muskeg 
dominated by Ledum and Sphagnum is seen on the right, the boundary 
resembling the bank of a stream formed of Sphagnum^ the depressed Scirpus 
bog representing the stream. 

The vegetation of the east end of the bog consists of Carex aquatilis 
Wahl., 0. strieta Lam., G. prairea Dewey, Eleocharis palustris (L.) R. and S., 
Juncus stygius L., Scirpus caespitosus L., Calamagrostis confinis (Willd.) Nutt., 
Cormis canadensis L., Tofieldia glutinosaPeis, During the earlier part of the 
summer the water lies to a depth of 3 or 4 in. between the tufts of vegetation 
and becomes filled with a growth of Utricularia intermedia Hayne. Amongst 
this Carex bog occur mounds of muskeg vegetation varying in size from a 
few inches to a few feet across and rising about 6 in. above the level of the 
bog. These last traces of the muskeg vegetation amongst the Carex show 
various phases of retrogression from stages where there is still much Sphagnum 
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and where Ledum is the dominant plant, to others where the Sphagmm has 
been entirely replaced by Hypnum and the Leduni partly by species^of Sahx, 
■■whilst Ehphantella groenlandica (Retz.) Ryd., is invading the margin of the 
mound. Small trees, some dead and others barely living, frequently cap the 
summits of these little mounds. The area of Scirpus bog west of the lake, 
particularly the long strips which run into the muskeg (Fig. 4, also PI. VII, 
Phot. 5) frequently bear both larch and spruce, either singly or in patches ; 
such trees are always stunted, partly defoliated or dead. They, like the 
muskeg mounds, must be regarded as part of the relict flora of the muskeg 
which formerly extended over these areas. 

At the west end of the lake the vegetation is characterised by the follow ing, 
in order of abundance: Sdrpus mespitosus L., S. ■paucijlorm Lightf., Jtnicus 
stygius L., Eleocharis amiminata (Muhl) Nees, Calamagroslis confinis, Oarex 
aquatilis Wahl, G. stricta Lam., C. prairea Dewey, 0. aurea Nutt., Tnyhchm 
palustre L., Tofieldia palustr-is LLmAs., Galium tinctomm, Lbunorch^ dihikila 
(Pu^sh) Ryd. 

Much of the valley bears a vegetation which is so much afloat that care 
has to be taken in walking over it not to break through. Borings were taken 
over this area both at the eastern and western end of the lake. All of them 
showed 13-15 ft. of peat which (below the surface liquid peat) contains 
abundance of Sphagnum down to the base, which rests on the same blue 
clay crowded with gastropod shells. There is then clear proof tliat the Garex 
and Sei'cpus hog at each end of the lake is a later invasioji of these areas 
originally muskeg— by the type of vegetation dominated by setiges, rushes 

and grasses, with other monocotyledons. 

In the next section of this paper the degree of alkalinity or acidity of the 
water in the muskeg, in the Ga^fex and Sdrpus areas and in the lake are 
recorded (p. 333); the results of the analyses of samples of lake water are 
tabulated (p. 333); and the rate of tree growth on the muskegs is graplied 
(pp. 339-40).. 

The Lake akd Drainage Water.s. 

Seen during the summer, the waters of the lake are clear to a depth of 
about 6 in.; below this the water is filled with a greyish to pink depo.sit ami 
this extends to a depth of about 9 ft. The muskeg banks, which are about 

1 ft. above the water, go down abruptly, but during the summer it was not 
possible to investigate the lake or to reach any of the islands. During November, 
December and January the whole area is frozen and the lake coveretl with 

2 ft. of ice, and it was during this period that borings were taken over the 
whole area through holes cut in the ice. 

All the borings agree in showing that peat underlies the whole lake. 'I’he 
floor is uneven, but the average depth at which the peat is reached below the 
surface of the lake is 8-9-|- ft. The depth from the surface of the lake to the 
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underlying blue clay (wMcb is of exactly the same character as that under- 
lying the adjacent muskeg, Scirpus, and Carex bog) is 13 ft. The lake then 
rests upon peat of an average thickness of 4|- ft. ; this is composed very largely 
of Sphci^Tiufu and is therefore an extension of the lower layers of the surrounding 
muskeg under the lake. 

Great interest attaches to the borings taken on the small muskeg islands 
so numerous at the west end of the lake. In all cases Sphagnum peat extended 
down continuously from the surface to within a few inches of the clay floor 13 ft. 
below. These islands may be described as pillars of peat standing in the lake. 

The spongy deposit filling up the lake to within about 6 in. of the surface 
is a peculiar algal colony which has attained the depth of about 8 ft., where 
it overlies the peat. Over its surface is spread a crust made up of pink flakes 
a few inches in diameter, curled up at the edges to reveal a blue-green under 
surface. This surface layer is richer in blue-green algae than is the rest of the 
deposit. When this is skimmed ofi there is exposed a pink substratum smelling 
strongly of hydrogen sulphide. It is made up of soft nodules forming a porridgy 
mass which can be stirred up with a stick. In it is embedded a large quantity 
of Cham, and near the border Utricularia is abundant. As is shown below, it 
is particularly rich in diatoms and unicellular green algae. 

Various collections of this material were made and brought back to the 
laboratory for examination. It soon became evident that the deposit was an 
extremely rich algal growth. Material collected during September and 
October was sent to Mr C. W. Lowe, M.Sc., of the University of Manitoba, 
who kindly consented to examine it and we are much indebted to him for 
the following extensive list of algae from this deposit. 

Collection No. 1 was taken from the crust already mentioned overlying 
the deposit, collections No. 2, 3 and 4 from the deposit itself. No. 2 was from 
the west end of the lake in September; No. 3 from near the centre during 
November; No. 4 from a smaller lake on the Scirpus bog. Nos. 5 and 6 are 
from submerged vegetation along the margin, the former growing on Hypnum, 
the latter on Utriculana. Sample No. 7 contained a mass of a fresh-water 
sponge, either Spongilla fmgilis or Spongilla lacmtris. 


List op Algae, 

Myxophyceae 

Cliroococcus turgidus (Kiitz.) Nag. ... 

G. iixmieticus Lemm. ... ... ... ... 

G. macrococcus (Kiitz.) Raben. ... ... ... 

Gioecocapsa fusco-lutea (Niig.) Kiitz. 

ApEauotfiece saxieola Nag.:V ... • ' ' ... 

Microcystis. sp. ... 

Gomphosjjhaeria aponina Kiitz. ... 

Coelosphaerium kiitzingianum Niig. 

Merismopediiim tenuissimum Lemm 

Lyngbya aerugineo-caerulea (Kiitz.) Gomont. 

Stigonenia minutmn (Ag.) Hass 

Also fragments of Oscillatoria, Rivularia, Nostoc and 
Anabaena 
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List ot Algae {continued). 


BaciUarieae 

Ampliora ovalis Kiitz. 

Gymbella cymbiformis Ehr. 

C. cymbiforma parva (W.Sm.) H.V.H. 

C. gastroides Kiitz. forma minor H.V.H. 

0. elirenbergii Kiitz. 

C. lanceolata Ehr. 

Staiironeis phoenicenteron Ehr. 

Navicnla viridis Kiitz. 

N. oblonga Kiitz. 

N. radiosa Kiitz. 

K. radiosa var. acxita (W.Sm.) H.V.H. 

N, cuspidata Kiitz. ... 

N. sphaerophora Kiitz. 

N. iridis Ehr. 

N. iridis var. prodiicta H.V.H. 
Qomplionema constrictum Ehr. 

G, intricatum Kiitz. ... 

Epithemia tnrgida (Ehr.) Kiitz. 

E. argus Kiitz, ^ ••• 

E/hopalodia gibba (Kiitz.) 0. Miill. 
Synedra ulna (Mtzsch.) Ehr. 

S. ulna var. splendens (Kiitz.) H.V,H. 
Fragilaria crotonensis (A.M,Edw.) Kitton 

E. capucina Desmaz. 

Surirellasp? ... 

Hantzschia amphioxys (Ehr.) Grun. 

H. amphioxys var. elongata H;V.H. 



Ohhrophjceae 



Oocystis solitaria Wittr, ... ... + 

Tetraedron minimum (A.Br.) Hangs. I ... ... • • • • • 

Scenedesmus quadricauda (Turp.) &eb. ... ... + r + • i -v 

Goelastrum microporum Nag. ... ... ... • * • • • 

Pediastrum tetras (Ehr.) Ralfs * • ■' ^ 

P. boryamim (Turp.) Menegh. + • • 

Cylindrocapsa conferta W.West ... A- 

Spirogyra (not in conjugation) ... ... ... . * • • * 

Euastrum dubium Nag * * + • • 

E. insulare (Wittr.) Roy. ... + • • • I ' 

Cosmarium granatum Breb ... ... + i- f r + 

0. rectangulare Grun. ... ... + . • • • 

0. impressulum Elfv. ... ... ... ... -r • • • * 

C. iaeve Raben. ... ... ... . . • 

0. pokomyannm (Grun.) W.W. and G.S.W. ... . . • . . " 

C. hammeri Reinsch. ... ... ... ... . . . . . - 

C. quadrum Lund. ... ... ... ... ... . . . . . - 

G. humile (Gay) Nordst, var striatum (Boldt) Schm- *1- . . . . 

C. subcuciimis Schm. ... 

0. reniformc (Ralfs) Archer ... ... ... ... f . . . , 

C. subcrenatum Hantz. ... ... + . • r 

0. botrytis (Bory) Menegh. ... ... ... ... f . - « . + 

C. margaritaceum (Lund) Roy and Bissett ' ... 5 

Staurastrum inuticiim Breb. ... ... ... t r 

S. polymorphum Breb. 1.. ... ... ... . . , r 

S. alterhans Breb. i.. ... 1*. ... ... + . . - . . 

S. paradoxum Meyen I.. ... - - .... 

Biilboehaete sp? (Not in fruit) 1 

Ophiocytium cochleare (Eichw.) A. Br. ... ... + . . . . * 

Chara is also an important member of tliis lake flora. It occurs at tlio 
surface of tbe lake^ partioixlarly at the western end, in considerable abunda-Dce 
and is m,et with living in the upper layers of the calcareous deposit in, the lake. 
Its remains can be reeognised amongst the calcareous Jeixosit at jnuch g!‘eater 
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cleptlis. Mr James Groves has kindly examined the material and has informed 
ij us that the species is Chara contmria with numerous root bulbils — the first 

ij instance of root bulbils found in this species. 

i Reaction and Analysis of Water. 

I We have, then, a calcareous lake with clear surface water and 9 ft. of 

I calcareous ma,terial below resting on a floor of peat bounded by banks of peat, 

i There being no stream either flowing into or out of this lake the level 

; must be maintained by underground springs, which, as the evaporation from 

the surface during the hot summer months is considerable, and as the level 
does not noticeably vary, must be of just sufficient flow to replace evaporation. 

, The acidity or alkalinity of the waters of the lake, the water on the surface 

: of the Carex bog, and the water held in the masses of Sphagnum on the 

; muskeg area have been measured in the field by means of 'pR indicators, the 

I values so obtained being as follows: 

' Muskeg area. Water squeezed from living Bfha^num 4-5 

Carex bog. Water from surface between tufts of vegetation 7*5 
‘ Lake. Water from surface layers pH 9 

I That the lake water with a pK value as high as 9 should be bounded 

I by banks of peat 'with. Sphagnum having a of 4*5 shows quite clearly — 

; even without the observations concerning the substratum — that the lake must 

represent a retrogressive rather than a progressive stage in the history of this 
I muskeg region. 

; Certain indications point to the western end of the area as the place of 

' outlet of the springs feeding the lake. The Scirpus bog at the western end is 

’ more obviously afloat than the Carex bog at the eastern end, while at the same 

\ time the eastern end is somewhat firmer but bears more water on the surface. 

f . .' . 

In order to see whether there is any marked difference in the water from 
different regions, samples have been taken from four different spots which 
are marked 1, 2, 3, 4 respectively in Fig. 4. No. 1 sample was taken from the 
surface water about 2 ft. from the bank. No. 2, 3 ft. from the bank of a small 
bay. No. 3 from one of the numerous small pools which break the surface of 
the floating Scirpus bog. No. 4 was obtained by cutting away the floating 
mat of Scirpus and obtaining the sample from below. The analyses of these 

1 samples were carried out by the Provincial Industrial Laboratories and the 

results are as follows: 



Parts per 

Million. 




No. 1 

No. 2 

No. 3 

No. 4 

Calcium 

53*0 

61-8 

78*2 

86-1 

Magnesium 

25*8 

29*6 

41*2 

39*2 

Sodium 

4*0 

6*5 

5*2 

9*6 

Sulphates (SC),.}) 

53*0 

61*8 

44*2 

60*0 

Carbonates (C!()o) 

102*3 

103*9 

185*7 

181*1 

Silica 

0*4 

0*2 

0*4 

0*4 

Iron Oxide and Alumina 

nil 

nil 

nil 

nil 

Vegetable Matter 

99*0 

82*0 

42*3 

58*0 

Total Solids 

355*3 

383*6 

413*9 

461*0 
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The progressive increase of mineral salts in solution, particularly of calcium 
carbonate and magnesium carbonate, as one passes from the east end of the 
lake to the Scirpus bog at the western end suggests that the springs feeding 
the lake have their outlet in the western region of the area and this is borne 
out by the curious winding channels of Scirpus bog which intersect the 
muskeg in this region. 

The tests of the H-ion concentrations and the collection of water samples 
were made in the autumn before the area became frozen. Measurements of 
the rate of growth of trees from this and other muskegs have been carried out 
and these are described in a later section of this paper. 

It seems clear from the features described here that the muskeg began its 


history during the retreat of the ice-lobe from the Sturgeon basin. The nature 
of the clay and the presence of gastropods indicate the presence of an early 
post-glacial Take, the seeds and fruits of aquatic plants in the upper layers 
representing the primary free-floating vegetation of this lake. By the action 
of the overflow stream cutting through the glacial deposits blocking the 
trench between St Albert and Sunny Glyde (see Map), the level of the lake 
became progressively lowered, leaving the border of tine clay exposed, and 
upon this a vegetation composed of sedges and rushes succeeded the free- 
floating vegetation of the former lake. Not very much peat appeared to be 
formed by the Carex hog, but when SpJiagmmi and aceompanying peat- 
forming plants spread, the subsequent growth of the muskeg must have 
been continuous until about 12-13 ft. of peat was formed — probably re- 
presenting, in this northern climate with a short growing season, a considerable 
length of time. At length springs rich in calcium sulphate, calcium carbonate 
and magnesium carbonate broke out where the lake now stands. Springs as 
rich in calcium and magnesium salts as the water analyses show would 
certainly stop the further growth of Sphagmim and other peat-fonuing plants. 
As a result the bare peat wmuld be exposed and water from the springs would 
collect in hollows on the surface of the peat bog. The ex])osiire of a bare 
peat surface, the presence of organisms setting up decomposition in the peat, 
and mineral salts in considerable concentration, might be expected to produce?- 
in time a basin, which, owing to the causes mentioned, would tend to widen 
and deepen. The algae and Ohara present in such enormous alnmdauce are 
the chief agents responsible for the great precipitation of mineral salts above 
the floor of the lake. 

Such curious retrogressive changes in peat deposits are not in the autliors' 
experience common, although the breaking out of springs richly charged with 
mineral salts is not uncommon, particularly in the country west of Edmonton. 
In a ravine coming into the Saskatchew^an Valley a fe^v miles west of Ed- 
monton springs have formed a tufa deposit of considerable tliickness and Um 
decomposition of an adjacent small peat bog may be <lue to the fiercolation 
from such springs. Another peat deposit a few miles nortli of Stony ITain 
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Phot. 9. Ledum groenlandicum and Empcinim fugneui. 
West end of Stony Plain muskeg. 






Phot. 10. IMuskeg surrounded by ground cleared of |)oplar woodland aiul mnv 
planted with oats, Dec. 1925 (see p. 335 . * 
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near Calahoo, on tlie same line of muskeg country, exhibits a somewhat 
similar feature, although owing to the thinness of the peat deposit only a 
shallow basin has been formed, the floor of which is covered with calcareous 
marl. Owing to the area occurring on a slope, the hollow is not permanently 
filled with water and the algal deposit is therefore dried up except during 
the early part of the summer. These other cases have not been investigated 
in detail, and are only quoted here as a suggestion that the features recorded 
may not be uncommon on muskegs situated on the Edmonton geological 
horizon. 

RETROGRESSION DUE TO CLIMATIC FACTORS AND FIRE 

Peat bogs in the parkland belt generally show distinct stages in retro- 
gression, and the type of vegetation is now markedly different from the 
abundance of Sfhagnmn that must have characterised these areas at the 
period of their maximum growth. In the southern region of the parkland and 
Edmonton district the muskegs tend to be confined to small basins frequently 
only a few hundred yards or less in diameter, and stand as islands of peat bog 
vegetation in the surrounding poplar woodland. Large continuous areas of 
peat are not usually met with until the northern coniferous forest is reached. 
Generally speaking the evidences for retrogression are more marked in the 
south although the actual size of the basin is obviously a contributing factor. 
An average annual precipitation varying from 12 in. to 22 in. and a growing 
season of only four months in the year are not conditions which might be 
expected to favour the formation of extensive peat deposits. Evidences of 
the curiously localised condition of these peat areas and the abrupt changes 
of vegetation at their margin are frequent, and an interesting example is 
shown in PL IX, Phot. 10. Here the muskeg originaUy lay as a narrow winding 
strip in poplar woodland. The woodland has been cleared and the ground 
(black soil) cultivated. The photograph shows the stubble of an oatfield 
passing up to the edge of the narrow fringing Garciz; surrounding the muskeg'. 
Living Sfhagmni may be absent on such a peat bog at the present time 
although the peat below is formed very largely of this moss. 

The origin of the muskegs must be sought in small lakes which dotted 
the morainic areas of the parkland after the recession of the ice, the flora of 
the lakes being represented by the seeds and fruits of aquatic plants from 
the surface of the blue clay underlying some of the areas described in this 
paper. From that period to the stage when the muskegs began to show 
retrogression, their history appears to be one of uninterrupted upbuilding by 
Sphagnum, and small trees of black spruce and larch seem to have been 
present throughout this stage. How long the retrogression period has lasted 
and how far the stages have been accelerated by fire and later by man’s 
influence we have at present no evidence to show. The retrogression stages 
are probably slow compared with those which might take place in a country 


336 


''Muskegs' of Gentml Alberta 



with, an open winter such as north-western Inrope, for in this region the 
surface is usually frozen for seven months in the year. 

The dying back of Sfhagnuyn seen on the south facing slopes of the mounds 
on some muskegs appears to suggest decreased precipitation and increased 
evaporation. It is possible that this may be due in part to the immense 
amount of clearing and draining that has taken place in the parkland belt 
during the last 40 years. The effect of settlement has been to clear off as 
much of the natural vegetation cover as possible in order to obtain areas for 
cultivation and the making of roads and cutting of drains has resulted in a 
great reduction of surface waters. This is all to the good up to a certain 
point, since clearing, draining and cultivation undoubtedly reduce the chance 
of late and early frosts which are a menace to successful cultivation. But in 
a country with a moderate rainfall and a very high rate of evaporation during 
the summer months, it may be doubted whether the indiscriminate drainiiig 
of lakes and all reserves of surface waters is advisable. Many of the larger 
lakes in the Edmonton district such as Beaver Lake are quite shallow, being 
not more than 14 ft. in depth. The draining of such lakes is frequently 
discussed and could be effected without serious difficulty, but such a policy, if 
completely carried out, would certainly tend to increase aridity. 

Another factor that must be considered in regard to retrogression is fire. 
In a country in which forest fires have been so frequent in the past, it might 
be expected that very few of the muskegs would have escaped burning over. 
This may he the case, but on the other hand numerous examples occur like 
that shown in PL X, Phot. 12, where the muskegs are closely covered with 
symmetrical trees of black spruce. These may be small but growth is slow 
and such trees are usually about 50 or 60 years old. In a season dry enough 
to permit burning, spruce in which the branches come to the ground “would 
be highly inflammable, and if not destroyed would certainly retain the marks 
of burning. There are other muskegs which have clearly been burnt over, an 
interesting example of this' being illustrated in PI. X, Phot. IL This little 
muskeg in the Cooking Lake district is almost circular and not more than 
200 ft. in diameter. Remains of burnt black spruce still occur on the surface 
but the only trees growing at present are birch and poplar which have spread 
in from the surrounding parkland. No SfJiagiium occurs and tlie original 
muskeg flora is largely replaced by grasses, willows, lichens, and ftiednwm 
vitis idaea. It is difficult to estimate the length of time since burtiiog, but tlie 
birches average about 30 years of age and the burning was severe enough to 
char the surface of the peat, the signs still remaining. 

Other cases occur in which the peat has been destroyed to a consider- 
able depth, but this seldom extends over the whole muskeg and frequently 
mounds and banks occur in areas which were too wet for the fire to enter 
and where the original muskeg flora still remains but little changed. In some 
cases where a muskeg area adjoins cleared cultivated land, intentional burning 
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in the Cooking Lake district (pp. 322-3), 
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Phot. II. Birch and poplar invading a burnt-over muskeg near Cooking Lake. 
Original vegetation nearly destroyed (p. 336). 
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is carried out and this may proceed for several years and be so thorough as 

to expose the underlying clay. 

The several muskeg areas lying upon the blue glacial clay date back to 
the period immediately following the recession of the ice-sheet. Fires were 
more frequent and widespread before the coming of the white man than they 
are at present as they are now carefully controlled. It must be concluded that 
if burning was a frequent factor in retrogression the muskegs would not have 
acquired their present depth of peat. Further, in examples examined by one 
of us several years ago by means of sections, thin charred layers of peat were 
present sometimes several feet (4~6 ft.) below the present surface and the 
peat above the charred layer was formed chiefly of Sfhagnum. This suggests 
that at a former period a muskeg could entirely recover its original vegetation 
after burning; from examples of more recent burning this does not seem to 
be the case at the present day. The general conclusion we have been led to 
by our observations is that retrogression occurs to-day from desiccation 
caused by changed meteorological conditions and the general clearing and 
draining of the country and that burning, while locally important as producing 
marked retrogression and even complete destruction of the muskeg, is not 
responsible for the general shrinkage in growth and change of vegetation so 
marked in the whole area examined. Muskegs in the central and southern 
region of the parkland so near prairie must be looked on as relics of a former 
condition more favourable for peat formation. 


The Age and Varying Eate of Growth of Trees on Muskegs* 

The correlation between the rate of growth of trees and the climatic factor 
has been a frequent subject of discussion in plant ecology and forestry for 
a number of years. The most detailed study hitherto made is that by A. E. 
Douglass^ on Sequoia, Yellow Pine and other trees. 

It having been ascertained by us that the trees, although small, are of 
considerable age, an examination of sections has been made with the object 
of measuring fluctuations in the rate of growth in former periods and of 
deciding whether there are any marked differences in muskegs of various 
types and stages. 

With this object sections of trees were taken at a height of about 2 ft. 
from the ground and for each tree the number of mm. of wood added every 
ten years (this time period being selected as an arbitrary standard) were 
measured and recorded graphically. The records show an acceleration of 
growth in the first 25 years of the life of the tree, which disappears later. This 
is due not to any climatic factor but to the fact that trees have a higher rate 
of growth in youth than in maturity. The tree curves discussed here have 

A. El. Douglass. “‘Climatic Cycles and Tree Growtli.” Carnegie Inst. Wash. Publ. 289, 
19,19. Bee also Ellsworth Huntington. “The Climatic Eactor as illustrated in arid America.” 
Cam. Inst. Publ. 192, 1914. . 
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been corrected for this factor according to the method described by Douglass 
by subtracting the average “Curve of Youth” from each one, and this results 
in a straightening out of the curve for the first 25 years. 

About fifteen trees from the muskeg at Stony Plain were measured, the 
five shown in Pig. 5 being representative. These all show similar well-marked 
fluctuations for the last 105 years. 

The graphs show two maximum periods of growth, one about 1835, and 
the other after 1906, while in 1885 there is a period of regression. Every 
tree without exception shows a maximum growth during 1835. The minimum 
period 1885 is becoming apparent in some of the trees 10 or 20 years before, 
but on the whole the agreement is remarkably uniform. All the trees increase 
their rate of growth after the year 1905 and in some cases after 1865, but 
during the last 10 years there is a lack of uniformity, for in about a third of 
the trees measured the grovdh fell off and in the remainder it increased. 

In Cooking Lake Mus:^eg No. 2, in which the vegetation shows distinct 
signs of desiccation, trees have been examined which show the same curves 
as those from Stony Plain. The fluctuations in this muskeg are shown in 
Fig. 6. As these trees are younger and because the curve for the first 30 years 
(being partly due to youth) has been omitted, only a few trees go back to 
the maximum of 1835. The minimum groudh period of 1895 and the maximum 
of the last 20 years correspond perfectly. 

These results strongly suggest that in the last 100 years, th(;re were two 
maximum periods of rainfall— one about 1835 and the other about 191-), and 
that the period of 1885 was one of drought. 

The most remarkable feature shown in these records is the enormous 
increase in the rate of growth in the trees from Cooking Lake .Muskeg No. 2, 
coinpared with those from Stony Plain: 

Average rate. Him. per year, Cookinii: Lake, Xo- - M3 
„ „ „ „ StonjM^in 

tlixis showing that the trees on the smaller Avail-drained muskeg Avith 
a more retrogressive type of vegetation are growing about fruir times as 
quickly as those on the muskeg W'hich approximators more closely to a 
climax type. 

It has also been observed that the trees of Stony Idain groAv at a, giaaitiu* 
rate toAvards the east end where the Sphagnum is not growing so vigorously. 
Again, the largest trees are nearly always found along the receding border of 
the muskeg; as the muskeg has been tree-clad throughout its history, this is 
not due to invasion taking place from the margin but to an actual increase in 
groAvth rate. 

The fact that the rate of groAA^th of trees on a miivsk(‘g is the ccuivtu'st* to 
the rate of growth of Sphagnum is borne out by G. ik JGgg^ in a, study of tin* 
growth of trees on the muskegs of the Pacific coast, wliere he observi's tliat 
i G. B. Rigg:. Bot Gaz, 65, 1.918, p. m 
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Graphs of tree-growth from Cooking Lake .Moske 
(first 30 years of growth not ineludeci). 



STOIMARY. 

1. The vegetation, history and retrogressive changes of muskegs in the 
poplar parkland district of Edmonton are described. 

2. Sphagnimi is tending to disappear and to be replaced by vegetation 
indicating drier conditions and a cessation of peat-formation. 

3. These muskegs are formed on fine glacial clay in small basins in morainic 
regions. Seeds of aquatic plants are present in the surface layers of the clay, 
which is covered with a few inches of Scirpus peat. Sphagnum has dominated 
the muskegs until more recent times. 

4. Retrogressions due to fire, desiccation and the inflow of springs highly 
charged with mineral matter, causing the formation of a calcareous lake in 
a peat basin, are described. 


THE SALT MARSH VEGETATION OF LITTLE ISLAND, 

Co. CORK 

By R. H. McCREA, B.Sc. 

{With one Figure in the Text.) 


Tlie following ecological study, with the exception of the chemical analyses, 
was made during a holiday in August, 1924. 

Little Island is situated in the tidal part of the River Lee, roughly half-way 
between Cork and Queenstown. Fucus and Enteromorphu grow in abundance 
on its shores. It is at the present time not really an island but a peninsula, 
being joined to the mainland by more or less swampy meadows, through 
which drains are cut, and from which the high tides are excluded by means 
of dams and sluice-gates. It appears, from local information, that the date of 
reclamation can be fixed approximately at three-quarters of a century ago. 

The “ island ” consisted at that time of four distinct islands, the inter- 
vening land between these having been reclaimed and preserved in much the 
same way. These reclaimed lands are shown as shaded regions in Fig. 1 . 

It is these features which lend special interest to the flora of the locality, 
as various stages in its development can be traced from the typical salt-marsh 
vegetation, which is frequent on parts of the unreclaimed .shores, to that of 
the “artificial marsh-meadow” of Warnoing (4), which affords excellent 
grazing material for cattle and horses and an abundant yield of coarse hay. 

Little Island is about three miles long by about one to one-aml-a-half 
wide, and rises to some hundred feet towards the centre. The rock, which 
emerges in many places towards the south side, is a magnesian lime.stone. 
The whole is well planted with trees and the laud is remarkably fertile. 

I. Chloride-content and Vegetation. 

A slight attempt has been made to correlate the ]K;rcentage of chIoride.s, 
estimated as sodium chloride, with the type of vegetation. Sir E. .1. Ru.s.scll (2) 
cites experiments which show that a slight amount of chloride is in some 
cases beneficial, but “beyond a relatively low concentration limit furtlier 
increases in amount of sodium chloride proved toxic.” Bodium liot^s not 
appear to be essential even to salt-marsh plants, but A. 0. Halkot (1) found 
that Salicornia grew better in its presence. 

The method employed for chloride estimation is that givani Ity JI. ,1. J*nge 
(3) of Rothamsted, where the extract from a known weight of soil i.s treated 
with a known volume of standard silver nitrate and the excess titrated witii 
decinormal ammonium thiocyanate, using ferric sulphate as indicator. 
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Tlie first sample of soil was taken outside tlie sea wall from a part of the 
beach flooded at high water; the remaining samples were taken inside the 
sea wall from parts of the reclaimed marsh at varying levels above the drainage 
water. 

Percentage 
of sodium 
cliloride 

in soil Flora of Region Frequency 

ytatice Limonium 1 -r» 

Spergularia rubra [Abundant Ranunculus repens 

Festiica rubra J 

2*0 1 Trigloehinmaritimum Very 

Juncus obtusifiorns J abundant 

Agrostis alba Abundant 

Carex vulpina 1 

Apiuni gravoolens I Frequent 
Aster tripoliuin J 

2-09 Agrostis alba Very abundant 

Juncus glauous | Abundant 

Girsium arvense j 

Trifolium repens ''t 

Potentilla anscrina Urequent 
Carex vulpina ^ 

Festuca rubra J 


Percentage 
of sodium 
cliloride 

in soil Flora of Region Frequency 

\ Very 
J abundant 
Leontodon bispidus Abundant 
Juncus communis 
J. obtusifiorns 
Holcus lanatus 
Cynosurus cristatus 
Agrostis alba 
Lotus corniculatus 
Alopecurus pratensis 

0-23 Agrostis alba Very abundant 
Mentha arvensis \ 
Ranunculus repens [ Frequent 
Trifolium repens 
Cirsium arvense 
Festuca rubra 


Frequent 


Occasional 


Occasional 


II. Transition Vegetation (Reclaimed). 

The reclaimed land marked A on the map (Fig. 1) contains a long drain 
from the higher reclaimed land 0, and a somewhat large pool near its centre. 
This marsh is cut off from the sea by a long wall, banked up on the inner side 
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by dredgings from the river-channel, and it appears to be customary to run 
off the drainage-water once yearly. At high tide the greater part of this land, 
and also that marked B, is much below the level of the river outside. These 
two tracts which were originally one are now separated by an embanked 
road, and on the whole B is drier than A. 

The method employed for tabulating this vegetation was to take quadrats 
in typical patches at regular distances apart with the view of noting the 
influence of increasing dryness of the soil on the flora. 



Quad-Rats in -4 


Wettest region. 


Jiineiis glaneiis 
Potcutilla anseririib 
Trifoliuin i‘epens 
Loins eon lie Ilia t us 
.Holeus lanatns 
Bannneuhis rt‘]>ens 
"Moss 

Trifoliuin pratiaisa 
Epilobiuin ])alust n* 
A rena ria n i igi nosa 
Geranium dissect uin 
.Oarex vulpina 


Triglocliin niaritimiim 
Junciis o btusifiorus 
Agrostis alba 
Carex vulpina 
JApium graveolens 
( Aster tripoliiiin 


Drier region. 

65 Agrostis alba 

15 Triglochin paiiistre 

15 Potentilla anserina 

5 P. erecta 


.Holeus lanatus 
Rani men I us re pei is 
dune us glaueus 
Agrostis alba 
IMoss 

Jiincus biifouius 
Prunella vulgaris 
Carex uxiilaris 
Lotus eornieuiatus 
Potentilla torment ilia 
i.\ anserina 
K u mex 1 1 t.‘nioro.siis 


Ranunculus re pens 
Agrostis alba 
Rainiex ncnuirosus 
C^irsiiun arN cuse 
JuiKUis glaueus 
Trifoliuin pratiuise 
.Holeus lanatus 
Prunella, vulgaris 
iiumex iwcUma 
Idantago major 
Potentilla anserina 
Lotus cornieuhit us 


Agrostis alba 
Tiifolium repens 
Junciis glaueus 
Cirsium arveiise 
Carex axillaris 
.Festuca rubra 
f Ranunculus repens 
\Vicia sepium 


Driest I’egion. 


Agrostis alba 
Rubus fniticoaus 
Cirsium arvense 
'Crtica dioica 
Humex sanguineim (?) 
RammeuiuH ri'pens 
Genmimn rolieiliaiiuin 
Primella inilgaris 
Galium aparim.^ 


Agrostis alba 
Mentha ainrensis 
Ranunculus repens 
Trifolium repens 
Cirsium arvense 
Festuca rubra 
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^ Tlie greater variety in tlie flora of the drier land B over that of the wetter 
A is fairly well marked. 

The reclaimed lands joining the “island” to the mainland have, perhaps, 
a special interest, as soni.e of them at any rate are in a more advanced state 
of reclamation than the foregoing. For purposes of comparison the approxi- 
mate composition of the vegetation on the high ground immediately facing 
the mainland is given. 


Abundant 


High grassland opposite mainland 
Trifolimn repens 
Holcus lanatus 
Dactylis glomerata Very abundant 

x41opecurus pratense 
Cynosurus cristatiis ^ 

Cirsium arvense Abundant 

Plantago media 1 -r, , 

Trifoliiim pratense J 

Campanula rotundifolia 1 • t 

Ranunculus acris J' Occasional 

Prunella vulgaris 'j 

Rumex nemorosus | 

Achillea millefolium f 

Centaurea nigra J 


- Frequent 


Dry reclaimed marsh near mainland 

Agrostis alba ] ^ 

Holcus lanatus f Very abundant 

Trifolium repens 1 . , t ^ 
Ranunculus repens / 

Plantago major 1 

Rumex nemorosus , 

Ranunculus acris | 

Potentilla anserina J 

Juncus communis Occasional 

Beilis perennis Rare 


- Frequent 

Occasional 

Rare 


Wet reclaimed marsh near mainland 
Juncus communis Very abundant 

Agrostis alba 1 a r i ^ 

pWtilla anserina I 

Holcus lanatus Frequent 

Ranunculus acris "j 

Lotus corniculatus i Occasional 
Rumex nemorosus j 
Trifolium repens J 

III. Transitioh Vegetation (Unreclaimed). 

The inlet marked D on the map displays a natural salt-marsh vegetation. 
A typical piece is represented by the following: 

20 % StaMce Limonmm b % Samolus Valemndi 

20% Festuca rubra h % Suaecla maritima 

10 % Salicornia Jierbacea 30 % Rocks 

10 % Aster Tripolium 

A line transect from the river (or sea) side of this to the beginning of 
cultivation yielded the following sequence of plants: 


SEA EXB 

Salicornia herbacca 
Bpergularia sp. 
Statice limonium 
Siiacnla maritima 
8alku)rnia herbacca 
Npergiiiaria sp. 
Suaeda maritima 
Samolus a lera udi 


Festuca rubra 
Statice limonium 
Samolus valerandi 
Armeria vulgaris 
Aster tripolium 
Plantago maritima 
Chenopodium rubrum 
Suaeda maritima 


Spergularia sp. 
Spergularia sp. 

Beta maritima 
Agropyrum caninum 
Beta maritima 
Sonchus arvensis 
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What appears to the writer to be a particularly interesting comparison is 
afforded by the two following transects taken just outside and just inside the 
sea-wall of the marsh marked E on the map. 


Outside Sea Wall 
Green Alga [RMzocionium?] 
Salicornia lierbacea 
Festuca rubra 
Samolus valerandi 
Aster tripolium 
Festuca rubra 
Salicornia lierbacea 
Spergularia sp. 

Statice limoiiium 
Festuca rubra 
Plautago maritima 
Suaeda maritima 
Statice limonium 
Festuca rubra 
Ghenopodiiim rubrum 
Aster tripolium 
Statice limonium 
Festuca rubra 
Beta maritima 
Poa annua 
Potentilla anserina 
Matricaria inodora 
Rumex nemorosus 
Festuca rubra 
Plantago coronopiis 


Inside Sea Wall 

vSalicoriii a lierbacea 
Plantago maritima 
G } yc(M‘ia maritima 
Sa'molus va lerandi 
Spergularia sp. 

Glaux maritima 
Glaiix maritima 
Festuca rubra 
Trifoliiim repcms 
Garex vulfana 
Luzula cam pest ris 
Festuca rubra 
Potentilla anstaina 
Lotus eorniculatus 
Centaurea nigra. 
FevStuea rubra 
Prifolium pratiaise 
Lf 'Oi It odon hispidus 
Raminciilus aeris 
Juneus eomnumis 
Festuca rubra- 
Carex vulpiiia 
Beilis perennis 
CVnosurus crista! us 
iioicus lanatus 
Ran uneulus rcpeus 
i^irsium arvense 
Spirant lies aiit umnaiis 


As far as could be ascertained Tansley’s view (3, ]). 08) apjjcar.s to bo borne 
out that “ there is no good evidence that salt mar.sh can develop by the imu-e 
accumulation of silt or humus, without human a,s.sistaiico, into a non-maritime 
vegetation.” 

In conclusion I wish to thank Mr E. Staudish 0 Urudy, oi Little I.dand. 
for his very kind permission to move freely about liis ]>ro})ei1y: Mr E. Tate, 
of the Botany Department, University College, Cork, for his very eotu-ttous 
help in the identifications of some grasses; Mr Michael I'woliig fur placing 
his topographical knowledge of the locality .so freely at my disposal; and my 
son Andrew, without whose untiring help the worlc conl<! not Inu-e been 
accomplished. I have received the kindest help from Prof. ll. .V. Cummins and 
Mr J. 0. Jagoe, of the Botany Department, University College, ( 'ork. in t!u; re- 
identification, which was thought desirable, of afe^c of the- species included in 
the lists. 
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THE PLANT AS AN ECOLOGICAL INSTRIBIENT. 

(1) ClementSs F. E. and Weaver, J. E. ‘'Experimental Vegetation.” 
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(2) Clements, P, E. and Goldsmith, G. W. “The Phytometer Method in' 
Ecology.” Ibid. 356, 1924. 


NOTICES OF PUBLICATIONS 
OF GENERAL BEARING 


These two papers, from slightly different aspects, embody the results of an attempt to 
use plants, or plant communities, as the best measures of reaction to the habitat, in ecological 
studies. While the value of methods based on this ideal will be obvious, it is equally clear 
that considerable work is required before suitable methods are evolved, and we may hope 
that these are to be only the first of a series of papers dealing with this subject. In the 
first paper, the subject of study is the North American grasslands, the object being to 
estimate the relative importance of the various vegetation units and their inter-relationships. 
The methods employed are: (1) sowing seeds, (2) planting seeds or propagules, (3) planting 
seedlings, (4) transplanting adult plants of various ages, (5) transplanting small communities 
or portions of communities. In short, these methods aim at observing migration and the 
subsequent development of vegetation, but under controlled conditions. Accessory to 
these basic methods are the use or modification of the various factors which may piay on 
the developing plants or vegetation, particularly competition, destruction by animals and 
the various physical factors. Along with these are checks by instruments and phytometers 
of the habitat factors. Various methods of altering the physical factors or reducing or 
modifying competition are employed, of which the simplest and most satisfactory prove to 
be: (1) sowing on the surface in the midst of natural vegetation; (2) sovdng or planting 
in trenches, by which competition is prevented for a short time; (3) sowing or planting in 
denuded areas, which eliminates competition for a much longer period, but which makes 
the water relations less favourable while improving the Hght relations; (4) transplanting 
adult plants, either into living cover or into denuded areas; (5) improving the conditions 
for germination and establishment, by watering, shading, draining or thinning. 

The material used included a great variety of grasses, “f orbs ” (herbs other than grasses), 
shrubs and trees. These were germinated or transplanted at four climatic stations, repre- 
senting typical conditions in each of the four main grassland communities between the 
Missouri River and the Rocky Mountains. A number of edaphic stations represented the 
various edaphic conditions at each of the climatic stations. It is impossible to summarise 
adequately the enormous amount of mateiiaT provided by these experiments, but the 
results indicate quite clearly that germination and growth of practically all species arc 
reducfxl as the climatic conditions become drier (i.e. going westwards in the praiiie region). 
The authors therefore regard rainfall and holard as all important, the other factors in plant 
growth being secondary. On the other hand the luxuriant vegetation in low prairie — 
associated with more humid conditions— had a decided effect in reducing the establishment 
of int roduced plants, largely through the reduction in light intensity with which the seedlings 
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had to contend. The possibility of tree growth under natm'al conditions on stabilised grass- 
lands appears to be almost nil, since the seedlings are shaded out in the lowlands and 
destroyed by ch'ought in the uplands. 

In the second paper, by Clements and Goldsmith, attention is directed more towards the 
examination of the effects of the various physical factore by means of phylomelers, that is, 
oultm-es of similar plants of one species in the different habitats considered. The methods 
employed are described in detail, the plants used being chiefly sunflower and wheat, grown 
in containers which were sealed to allow of measurements of water loss. The principal 
comparison made is that between the growth of the phytometer plants at three stations 
near Pike’s Peak, Colorado, designated plains, montane and sub-alpine stations, the natural 
vegetation of the three main stations being 3iiixed prairie, mixed coniferou.s forest, and 
spruce forest respectively. The transpii'ation per square decimetre' of leaf area uas Iiighest 
on the plains and lowest at the sub-alpino station, but the montane station was gem-rally 
the most favourable for leaf area and stem diameter. Stem length of sunflowers, however, 
was greatest on the plains. Similarly, there is much variation in the weight of plant pro- 
duced. Generally, however, sunflowers and beans made beat growth on the plain.s, while 
wheat and oats did best at the montane station. The water i-eqmremeiit, Jtainely, the 
amount of water u.sod in the production of 1 gm. of dry material, as dehned by Brigg.s and 
Shantz, normally decreases with the increase in the altitude at which the plants are grown. 
A further comparison between the dry warm Ixemdme) side of a canyon, and if .s cool moist 
side {mesodine), showed that the former, in its effect on sunflower growth, r.-.sembk-d the 
plains region— while the itLCSoclino presented typical montane comlitions. These rt-sulfs 
make it clear why the south slope is covered uith scrub and grassland dominants of the 
plains while the north slope is dominated by characteristic montane fon-st. 

Some interesting general conclusions are worthy of notice. Transpiration doi-.s not appear 
to vary consistently with any single instrumental record. Xo better corrolat ion exists between 
transpiration and evaporation from a white cylindrical atmometer cup than k-tween 
transpiration and average temperatm-e. This is to bo expected when the comjwsite nature 
of the factors affecting water loss from a plant is ooiLsidered, and if is a eoneiusion which 
seems to justify the statement that when phjdonieters arc used tiiey ari-. or may be. a 
sufficient measure of the factor-complex and render rcconliug iiustrumeuts uimece.ssary 
except in the most elaborate installations. Iliis would seem to he p.nticul.ul^ tiue wlun 
the water relations of plants are under consideration— and phytometer.s such as thosc 
cmployed by Clements and Goldsmith are clearly nuicb mon- adetjuate than the rather 
unsatisfactory atmometers at present in use. The experience of the reviewer sugge.sts that 
an additional moasui-ement might profitably be made when the phytoniefer plants huru 
grown for a whole season and their water relations are. being estimated. Thi.s nu-a.suremeni 
is the water content of the plant, perhaps most readily expre.ssed by dividing the fre.sh 
weight by the dry weight. A brief i-oference is made in the text to one ease in which this 
ratio varied but the data are not given in the tables. 

One fact emerges very clearly from a study of the daia-~fhat growth, as measured by 
increased dry weight, usually shows very little relation to the water lo.s.s or wafer requiri-- 
ment. The authors show that sunflowers and beans normally grow best at the^ifo/a.v.'itaiion, 
while wheat and oats are most successful at their mmitane station, and they sugge.st tlnit 
the former plants have a higher temperature optimum. An analy.sis of this tempeniture 
effect would have proved of great interest, for on the present evidence it sceiu.s to he of 
far greater importance than transpiration alone — which varied in flu- .same way at tin- 
different stations whatever the species of plant used. The apparent lack of eonneetion 
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bet^^-oen i ranspiration and growth in these observations certainly demonstrates the- need 
for standardised plants for phytometer work. A complete study of a suitable standard 
species grown under a wide range of environmental conditions is required before the phyto- 
meter can rank as an instrument of precision. The value of the method as an aid to the 
study of vegetation is, however, amply demonstrated by the papers under consideration. 


W. H. PEARSALL. 


SAP DENSITY AND WATER SUPPLY. 


Korstian, C. F, ‘“'Density of Cell Sap in relation to Environmental Conditions 
in tlie Wasatch Mountains, Utah.” Journ. Agric. Res. 28, pp. 84-5--907. 
1924. 


This is an investigation undertaken with the object of gaining further insight into the 
relations of plants to the conditions of the emdronment, especially in regard to forestry and 
forest regeneration. In this problem the water relations take a very prominent place, and 
an investigation of the osmotic forces of the cell sap was considei’ed as affording useful 
information. The work was carried on in the Wasatch Mountains in Utah, and the area 
covered extends from Sage Brusli on the one hand, to the montane tree limit on the other, 
at altitudes varying from 5000 to 11,500 feet, and covering a great variety of physiographic 
features. The material tested was collected in sealed tubes and the sap extracted by the 
freezing method. A special convex cup and concave presser were used. Care was taken to 
avoid water loss after collection. Data are given of the environmental conditions of the 
chief habitats studied, especial attention being paid to temperatui’e, soil moistmre, and 
evaporation. 

A considerable number of plants w^ere investigated; in most cases samples of each 
species being collected from more than one locality. The table of the results of determina- 
tions of the osmotic power of the cell sap occupies 23 pages. In the discussion of the results 
emphasis is laid on the correlation between sap density and water supply. The density is 
lower in the roots where these have been tested. The value obtained for any plant is not a 
constant. There is a daily fluctuation, a rise in the forenoon and a fall towards evening. 
8un plants gave higher values than those in shade. A close relation seems to exist between 
photosynthesis and sap density. Large plants, trees, etc., always gave higher values than 
herbaceous species. In a tree there is an apparent osmotic gradient, the lower leaves having 
lower values tlian those higher up. 

A seasonal fluctuation of density was also demonstrated. Young leaves have a uniformly 
lower value than old ones. Otherwise the seasonal variation follows the habitat conditions: 
the maximum density occurs in the dry' part of the summer. In winter a variable state of 
things was found. Conifers had low values while evergreen shrubs had high ones. This 
diiference is apparently directly correlated with the nature of the food reserves; in conifers 
in winter fats and oils appear in quantity in the leaves, while in evergreens starch was 
converted to sugar. 

Individual species sho^wed great variation in value according to the habitat. Average 
results of all the plants tested in each habitat gave results which accord very closely with 
the degree of xerophily of the habitat. Averages of the plants from successional stages 
slK)W(‘d a progressive decrease in density as the succession advances. The density showed 
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aomo relation to structural features; those plants with structural featurc^s tending to a 
reduction of transpiration, or with water-storage tissue, had uniformly low figures. The 
parasites studied had higher values than their host plants. 

Capacity to resist injury from drought, frost or other factors bore a cIos(? relation to the 
osmotic power of the ceil sap. The higher the value the hardier was the jdant. 

11, S. A. 


MEASUREJMENT OF WATER LOSS. 

Weaver, J. E. and Crist, J. W. “Direct Measurement of Water Lo,s.s from 
Vegetation without disturbing the Normal Structure of the Soil/’ 
Ecology, 5 , 2, pp. 153-170. 1924. PL III. 

' The objection to the ordinary method of determining water loss is that tlu‘ plant is 
growing in a disturbed soil that is very diflerent fro.m that of the Held. J'urilua', unless any 
largo containers are used the root systems are seriously eram])(‘(L A metliod has been 
devised for measuring the water loss without disturbing the soil. .Metal eylindt'rs of one 
square foot cross sectional areas are used to cut out an area of -s'egetation and then h*on 
cylinders of tlirce foot length are forced tightly over the column of soil. This is then exeax^ati'd. 
the lower end sealed up, and the whole sunk in a suitable ireneii. The containers art* wtaghed 
before being put in the trench and at the end of the experiment, in this way samples of 
undistiu'bed natural vegetation or of crops can be studied. 

Experiments were carried out with these methods on the short grass plains, on mixed 
prairie, and on prairie vegetation. During the experiments the eontai tiers with tluHr 
columns of soil were protected from rainfall. Water was added carefully and slowly so as to 
give an even distribution through the soil. Direct loss of water from the soil and from soil 
covered by dead plants was determined. Crop plants were found to give otf rnort^ water 
i than the native vegetation. The latter gave olf sufficient in the period of the ex])t‘dment to 

furnish the mean precipitation. The advantages of the metliod for the study of the problems 
of the relations of the plant to soil and soil moisture are very’' grisat as these can be tacHded 
with natural conditions for the absorbing organs. 

R.a.A. 


ANIMAL ECOLOGY. 

Alkins, W. E, '^'T.lie distribution of Pisidia in the Oakainoeu' <iistriet of the 
Cliurnet Valley.” Tmns. North Staffs, Field Clttb, jb2 

With the help of A. W. Stiifox the author has made a detailcni ^in<ly of t!i(‘ eeo!fPii<*al 
relations of the eight species of these small bivalve moiiusca wliii-h ot*c*ur in a restricted area 
in North Staffordshire. The habitats include parts of a distmed <*a!ial, streams, < lilt 'lies, 
ponds and a marsh, and the transition is traced from thi^ river.(*anai assoviatitm of .va/,. 
trimcatuM, nitidmn, lienslowamim and mJIiam to the ditch-marsh sot-itHy of I\ nt,snifUoftn 
and ‘perso7ialwn, 

A, E. !i 









NOTICES OF PUBLICATIONS 
ON BRITISH VEGETATION 

A BRITISH WOODLAND NEAR LONDON. 

Marriott, St John. British Woodlands as illustrated hy Lessness Abbey 
Woods. London: Routledge and Woolwich Pioneer Press, 1926. Pp. 
xviii + 72, with photographic plates of scenery and a sketch map. 

Tins is a very interesting and praiseworthy little booklet, inspired by the “Regional 
,Siin-ey” movement thi-ough_ the agency largely of llr C. H. Grinling, and promoted by 
\ ai'ious local scientific societies. There is a historical, topographical and geological intro- 
auction by Mr CTiinling, and the body of the work consists of Part I, including a vegetationai 
survey (illustrated by the sketch map), a complete list of plants comprising all the ter- 
icbtihii gioxips of the plant kingdom, and .Part II, including lists of mammals, birds, reptiles, 
ainplnbia, tishes, galls, lepidoptera, molluscs and fossils. , 

Ml 3ItU.iiott is a keen field naturalist and he has invoked the aid of many special- 
ists, so that the determinations of species may be taken as really trustworthy. His 
\{'gctation survey (illustrated by charts of special localities) brings out very clearly the 
vtfvet of the various soils on the flora and vegetation. To the ordinary seasonal ‘‘aspects” 
of \'egetation, Mr Marriott happily adds a “hiemal” aspect. The wood is evidently semi- 
natural, though there has been a fair amount of planting and some other disturbances of 
the natural relationships of the vegetation. 

It is much to be desired that other local societies should follow this excellent example, 
especially where areas of natural and seminatural vegetation still exist in the neighbourhood 
of large towns and cities, before it is too late. Such accounts provide indispensable data 
for the student of vegetation and of ecology and natural history in general, as well as 
stimulating local pride in natural areas of country near great centres of population, areas 
which are not yet spoiled or destroyed and which in some cases may still be saved. 

A. G. T. 

A SCOTTISH AREA. 

Patton, Donald. “ T.he Vegetation of the Tinto Hills.” Ann. of the Andersonian 
Naturalists Society, 4, 2. Glasgow, 1925. Pp. 30-51. 

Tlie Ti.nto Hills in Upper Clydesdale, Lanarkshire, belong to the Southern Uplands of 
Scotland. Tinto itseK reaches a height of 2335 feet, the other summits ranging from 1472 
to 1925 feet. The annual rainfall exceeds 45 inches in places, and mist is very prevalent. 
The mean January temperatine is about 35° E.; July, 57° F. The whole region, including 
the summits, was glaciated and there is a thick layer of Boulder Clay round the bases of the 
hills. Tlie Clyde has cut this aw^ay and formed a rich alluvial tract. The hills themselves 
are felsite. 

The author divides the region into a lowland division, including (1) Aquatic, (2) Gravel, 
(3) Alluvium, (4) Boulder Clay, and a hill division, including Galhma-Pteridium, Gal- 
luna-Erica cinerea and Gallwna-Vaccinmm uLones. The lowland zone has been much 
altered by farming. The Boulder Clay has been extensively limed, and there are many 
introduced plaTits. The heavier clay at higher altitudes has also been limed and bears good 
pasture of native grasses and sedges. The whole of the hill division may be regarded as a 
GalhoKb heath, this species extending to the summits, though much less abundant than at 
lower levels. In the CalhuuiA^acdnmm zone V. myrtillus gives place upwards to V. vitis 
idaea, and there is an abundance of lichens and mosses. 

The paper concludes with a tabular list of the flora arranged under the zones given, to 
which is added some account of ‘‘Railway vegetation.” 



A. G. T. 


NOTICES OF PUBLICATIONS 
ON FOREIGN VEGETATION 



FINNISH FORESTS. 

(1) Cajander, A. K. “Ueber Waldtypen.” 1909. ActaforestNmfemiica,!. 

(2) Cajander, A. K. “(o) Uber die Verteilung des friicbtbaren Bodens im 
Fimiland xmd iiber den Einfluss dieser Verteilung auf die wirtscbaftliehen 
Verbaltnisse im Lande. (b) Was wird mit den Waldtypen bezweckt?” 
1923. Ibid. 25. 

(3) Cajander, A. K. and Ilvessaio, ¥• ''Ueber Waldtypen 11.” 1921. Ibid. 

20 . 

(4) ' Ilvessaio, Y, “ Vegetationsstatistisclie Unteivsiiclmngeii iiber die Wald- 

typen.” im. Ibid. 20. 

(5) Ilvessaio, Y. "Ein Beitrag ziir Frage. der Kcjrrelutiun zwiselien den 
Eigenscbaften des Bodens imd dem Zmvaclis des "W'altlbestandes.” 
1923. Ibid. 2^, 

(6) Ilvessaio, Y. "Tbe Forests of Finland.” 1924. ComotuufcafioRvs cx 
Instil. Quaest. Forest. Finland. Editae 9. 

The results of the Finnish Forest Survey appear to have reached a staL^e at. which a 
general outline of .Finnish wnodland ecology can be obtained. The .sur\a*3' deals with the 
results of estimations of the forest vegetatioiij tree production and soil charaeter, along 
thirty-nine survey lines, twenty-six kilometres apart and running soutfi-’^vest to north-c'ast 
over the whole of Finland. On the data obtained from these survey lines, a wry eonifdote 
description of the forest resources of the country is possible. The degree to whieli the country 
is still covered by its native vegetation may be gauged from (lie fa{?t that 73 jjct mit. of 
the area is still forest, and about 15 per cent, is waste land, chieliy Hphagirtun bog (7 per 
cent.) and '‘pine swamp” (4 per cent.). The compositioji of the forest naturally vari<,‘s 
very considerably with the variations in soil and climate. Pine (55) an<l spruce (25) donniiate^ 
SO per cent, of the forest land, the remainder being chiefly bireh fon*sl (17 per (rent.), 
although aider and iispen may also be dominant in the south. Birch is more prt*vahmt in 
the north owing to its ability to grow in the barren fjeld regions. 

The distribution of the trees is otherwise largely determined l)y tin* nature cd tlu* soil, 
and a number of ground flora types are recognised, each of which usually occurs on a 
characteristic type of soil. Excluding local modifications, the eluid forest typc'.s are: 

1. Saniciila type (ST). With numerous herbaceous specit^s like* gsfttInJalhL Mdi (On 

effiismn and Majcmthemtim hifoUum. Occurs on calcareous soils in tla^ south-west. 

2. Oxalis-Majanthemimi type (OMaT), Smaller tlnn-leavt'd spt‘eies more abundant, i )n 
fertile soils in the south. 

3. Fern type (FT). In valleys on soils like 2. 

4. Oxalis-Myrtillus type (OMT). On clayey or damp soils, 

5. Myrtillm typo (]\IT). With an almost continuoxis covering of moss(\s, ehiiiiy ./////o- 
comium spp. Found on only moderately fertile soils of morainic origim 

6. Vaccinium type (VT). V. vUis4daea and Hypmim jjarietiHum, most aljundant. V(’ry 
widespread on morainic matter. 

7. Empetrum- Myrtillm type (EMT), Common in the north. 


# 



Soil type 
(upper 20 cm.) 


Annual increase 
of normal 


No. of 
species 


Distribution as per 
cent, of forest area 


Forest 

typo 

2. OMaT 

4. OMT 

5. MT 
C>. VT 
7. EMT 
■a CT' ' 
9. CIT 


Total 


Pine 

stands 


Bircli Phanero- 
stands gams 

185 158 

117 119 

100 100 


North South 


The correlation between the lime content of the soil, the timber yield and the relative 
number of flowering plants as revealed in this summary is very striking, and it suggests a 
high degree of dependence of the plant covering upon the lime content of the soil. 

W.H.P. 


CORAL REEFS OF CUBA. 


Uphof, J. C. Th, “ The Plant Formations on the Coral Reefs along the Northern 
Coast of Cuba.” Jowm. RoL 11, pp. 409-416, 1924. 

The reefs form masses of stone near the shore or at some distance out. In height they 
vary from 20 metres down to about 2 metres or less above the sea. From sea-level to a 
heiglit of 3“5 metres constant washing by sea water occurs. The plants are not only, halo- 
phytic but able to endure a very calcareous substratum. The Algal flora is briefly mentioned,* 
but this has not been fully worked out. Gf low plants, those that grow nearest the sea water 
are typical halophytes with more or less succulent leaves or stems, Sesuvium microphylluW', 
PhyUoxems, and Salicornia, with Distichlis spicata. Other species predominate on higher 
reefs, e.g. Oonocarpus erecta, which is very stunted near the shore, but almost a tree when 
protected. At a distance of 20”30 metres, where sand has collected on the reef, a much more 
luxuriant and vari(‘d vegetation occurs, consisting of plants without marked halophytic 
f(^atur(\s. 

;'r.s.a. ’ ’ 

Joum. uf Ecology XIV 23 
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VEGETATION OF THE ARID PORTIONS OF NORTH AMERICA. 

Shantz, H. L. and Piemeisel, R. L. “Indicator Significance of the Natural 
Vegetation of the South-Western Desert Region.” Jouni. Agric. B.es. 
28, p. 721, 1924. 

The region considered is in southern Oalifornia and Arizona with part of Nevada and 
Utah. The whole area is arid, having a rainfall of from 2-1 inches in the valleys, though 
rising to 15 inches on the upper lands. Two areas are considered in some detail, one in 
California, the other in Arizona, and the plant communities correlated with tlie physical 
factors. Then the communities are considered in their wider aspect and the general range 
of factors controlling each is given. The chief communities are; 

L Yucca and Gactus Association, which occurs on hill slopes. This is rt'plm^ed hy Giant 
Cactus and Paloverde {Cercidium. iorreyaiimn) in Arizona. 

2. Creosote Bush {Oovillea glutinosa) Association, which is the most -widespread. This 
occurs on light soils of about 4 ft. depth, which are permeable and well drained and which 
become very dry in summer. The soil is not saline. 

3. Desert Sage {Atriplex polycarpa) Assoeiation. This occurs at lower levels with higher 
temperature. The soil is finer and has a greater moisture-holding capacity than that of the 
creosote bush association. The soil is generally liable to floods in winter, but is very dry in 
summer. The available water, is less than in the former assoeiation; the salt content is 
higher but small. 

4. Mesquite {Prosopis gla'iidulosa) ThidkQt This occupies tlie bottonrs of valleys. The 
soil is like that of the desert sage association but has a higher water tal>Ie so that available 
water is always present in the first 4 ft. of soil Salinity is hightu'. 

5. Narrow-leaf Saltbush (Atriplex linmris) Association. This occupies low flat depres- 
sions with a heavy compact soil which becomes very dry In summer. The salt <*ontent is 
higher, especially in the deeper layers. This community indicates a much .siiallowin* soil than 
desert sage. 

6. Salt Grass (Disticlilis spicaia) Association. This is of limib^d extent, ll occurs in 
very saline soil with a high water table, 

7. Washington Palms (W ashingtonia jilifem) occur as scatttued groups or communities 
round springs or streams. 

8. PicMcweed (AUenrolfia occideninlis) Association occurs at the bottoms of valleys 
where an excess of salt is present in the surface layers of soil. 

9. Mesquite (Prosopis glandulosa) and Chamiso (Atriplex mufwnB:) is an asstH'ialioji 
characteristic of sandhills. 

10. Arrowwned (PlucMa sericea) and Saltbush (Atriplex Imfifnrmit^) Assotuation is a 
community of local occurrence. It is present in soil like lliat of the pic,kh‘Wt‘ed assotaation, 
but with a coarse subsoil and a lower salt content Mow” the surface. 

11. Seepweed (Dondia spp.) Association occurs in level valley bottom with a higlj wafer 
table and a high salt content. 

12. Bare fiats occur scattered through the lower parts of the valky. The soil Is heavy 
and the water stands on the surface after rains, but in dry wnathca* cracks freely. salt 
content is very high. These fiats are either devoid of plants or have a very scat tcia^d vegeta- 
tion in the most favourable places near the edges. 

Each of these associations is described, the botanical featun*s given, ami a full stat-c^ment 
of the chief physical factors. The description of the- communities m followed by a discuHsion 
of the relations to climatic factors and especially to rainfall and temp<‘ratiir<^ "a con-elation 
is also made between the natural vegetation and the eharacte-r and product ivene.ss of the 
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land,^ In this connection it is pointed out that the various associations have a wide lange of 
conditions, so that it is necessary to know more than the vegetation type before any 
internretation of the notenfialifiAa • x- „ 


interpretation of the potentialities of the soil can be made. Some details of the association 
must be given; in fact if a primary ecological survey is made, a fairly accurate measui’e of 
land values is reached. 

Throughout the paper there are full tables of soil analyses, water contents and physical 
and climatic factors. The paper is illustrated by ten plates, each containing two photo- 
graphs of high quality. 

Ks. a: 


AMous, A. E. and Shantz, H. L. ‘'Types of Vegetation in the Semiarid 
Portion of the United States, and their Economic Significance.’^ Joum. 
x4f/fm. 28, ^ 

The principal vegetation types occurring west of the hundredth meridian are enumerated; 
and their distribution and conditions briefly indicated Notes are also given of the possi- 
bilities for crop production, either of grain or forage plants, and for grazing. Altogether 102 
vegetation types are enumerated. These types are then grouped according to their possi- 
bilities for dry farming, for grain production, and for forage plants. A tabular key of the 
carrying capacity for stock is given; and the geographical distribution according to regions 
which cover practically the whole range. There are 32 photographs on 16 plates in illustra- 
tion. The paper, though merely an outline scheme, is valuable in showing the uses of ecology 
for practical purposes and suggests lines that might well be adopted in other countries, 
where the agricultui-al commmiity is advancing to untouched regions. A preliminary 
ecologictil survey and land classification of this kind would certainly result in fewer failui’es 
and ultimately in much greater economy of production. 

KS. A. 


VEGETATION OF ARID AUSTRALIA. 


(1) Osborn, T* G. B. and Wood, J. G. “On tlie Zoiiation of tlie Vegetation 
in the Port Wakefield District, witli special Reference to tlie Salinity of 
the Soil.” Trans. Roy. SoG. South Aust. 

(2) Osborn, T* G. and Wood, J* G. “On some Ualophytic and Non- 
halophytic Communities in Arid South Australia.” Ihid. 388*, 1923. 

(3) Wood, J. G* “On Transpiration in the Field of some Plants from the 
Arid Portions of South Australia, with Notes on their Physiological 
Anatomy.” 259, 1923. 

These three papers form part of what promises to bo a detailed investigation of the 
vegetation of the aiid portions of South Australia. A very large proportion of this region 
is occupied by an open community of small shrubby plants belonging to the family Cheno- 
podiaceae. There are many species of A triplex (Saltbush) and (Bluebush)^. These 

communities, though of such wide extent, have either been neglected by plant geographers 
or treated as communities of Halophytes. This view is based on the systematic position 
of the plants, the Ohenopodiaceae containing a large number of halophytes, and on the 
low lying nature of the country they inliabit and the fact that in most cases the bottom 
water is decidedly salt. The present papers mark the commencement of a detailed study of 
these communities. 

] . In the first a study is made of the zonation of communities passing from those under 
the influence of sea water at the coast up to Saltbush commumties further inland. Ex- 
cluding the Mangroves, which are treated as belonging to a separate formation, a view 


that need not be considered at the moment, four communities are recognised and briefly 

^ ‘’'Saltbush” is a general name applied to various low shrubby species of Atfiplex, Ithagodict 
and Kocliia^ “Biuebush” to white tomentosc species of KocMd, e.g. K. sedifoUa, 
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described. The characteristic plants of these are Artlwocnemiim arbimula, A. halocmmoides, 
Atriplex paludosum and A- stipitatum. These commniiities show a decreasing water content 
of the soil and a decreasing salt content, both of total salts and of sodium chloride. The 
figures of the saltbush communities are so small for salts, 0-3--2-8 per cent., that the 37 cannot 
be regarded as truly halophytic, 

2. This paper deals with some of the communities of these Chenopodiaceoiis plants in 
the inland portions; communities of Saltbush (Airiplex vesicarium), Mallee {Eucalyptus 
oleosa) with Saltbush, Kochia planifoUa and Bhiebush, Kocliia sedifolia, are described and 
analyses of the soils of each given. The soils are all exceedingly dr\', 2~8 per cent., with a 
low salt content, 0-1 to 0-18 per cent, total salts of which 0-3 to 0*() per cent, is XaC1. The 
reaction is slightly on the alkaline side of neutral {j>H 74 to 7*7). By contrast with these, 
communities in two salt lakes are described; the first is a gypsum lake where Arihwcncuuim 
halocnemoides var. perg7Xtmilatumm the chief plant. The soil heri' has 4*07 per cent, of soluble 
salts of which 0*68 per cent, is NaCl. The reaction is more alkaline, pH 8-2. This coininimity 
gradually merges into the saltbush and intermediate soil conditions aiv found. In another 
lake where the soil contained 6*6 per cent, of soluble salts with 3*o2 of Xai1, Paclujcornia 

formed a pure community. These last two, which are di*cidedly halophytic, are 
sharply marked off from the others both in habitat and soil and ;Usi> in genei^td facii‘s. Tlie 
shrubby species of Atriplex wA Kochia are considered as forming the typi(‘al llora of aritl 
regions in South Australia and are compared to the Karroo Horn of South Africa. 

3. This paper deals with the physiological anatomy of some of tin* piiants in tiicse 

communities and also with the transpiration under fiekl conditions. Transpiration was 
measured by means of burette potometers according to Lloyd’s method. Of the plants 
examined, three types of transpiration curve are noted: (/t) Casuartna kjmhpkioia , which 
has a relatively high rate and a curve which follows closely that of evaporation, {h) ikijem 
parviflora and PhoUdia 5 Copana, which have a low transpiration ratt*. Wliiic the maxima 
correspond to the maxima for evaporation there is not close agreement for minor tiuctu- 
ations. (c) The third group contains the shrubby Chenopodiaceae Kockia MiHjhka, Airipkx 
vesicariwn and Bhagodia gmidichattdiwmi. The transpiration cuina's in t!u*sc are all vej-y 
similar. The rate is practically constant at a low figme during tiu‘ day with a fall at niglit 
which takes place later with Koc/w’a than the others. Thesi^ (.kenopudiact‘ous plants liave a 
dense covering of hairs, vesicular in Atriplex and Mliagmlki; Kochia !ias a thick ftlt of hairs 
which probably functions for water absorption. K. 8* A. 

Wood, J. G. “Tiie Relations bettveen. Distribntionj Striictirre and Tran-" 

, ■ spiration of Arid Sontb Australian Plants,’' Tnrns. lio-fk Soc. Souik 

Australia, 48 , pp. 226-235, 1924. 

This paper is a continuation of the author’s work on the water n-latioiiH of plants in 
.South Australia. The present account deals with experiineritH currieci mit on tiu* central 
plain of Australia at Curnamona, which is some miles south of Lakt‘ f*'rmnc. Tim rainfall 
here is about seven inches, but very uncertain. 8ix species are stmlied, thnn" iMung plants 
which are “character” species of the plains, tw''oare plants from watcreonrses and tlie lust is 
a parasite {Lora^itlms quaiida^ig). An account is given of the anatomy of tin* leaves. I’hesi* 
plants show very different transpnation rates; the plains ypecicK have a nincli low^/r rate, 
especially so in the case of the Saltbush, iCor/nVr pkmifolia, which gives an almost fiat eurve 
for a 24-hour period. KocMa is here the inost proiniiKuit plant and a}>pcars the best suitial 
to the, conditions. In addition to its other features the k‘av<‘s have a thiek <' 0 \'t*ring of 
hairs. The stream bed plants show. a higher rate, one, a niirubby Acacia (/L ciVloriVic)^ only 
slightly so, but the other, Eeneew magnifiem, a herbaceoun ]j|antl nhowy a very ximmomnnienl 
usage of water. Especially interesting is the parasite Loranikm, which has a much moiv 
rapid transpiration rate than its host plant. It. S. A. 
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NEW SOUTH WALES. 

I ^ Brough, P., MeLuckie, J, and Petrie, A. H. K. “An Ecological Study of 

! the Flora of Mount Wilson. Part I. The Vegetation of the Basalt.’’ 

j Proc. L%nn. Soc. of New South Wales, 49 , pp. 476-498, with Plates LVII- 

1 LX and 5 figures in the text; 1924. 

With a view to stimulating ecological work in Australia, the Sydney University Botanical 
Society in 1023 initiated a study of the vegetation of Mount Wilson. The present paper, 
wliieh embodies some of the results obtained, is largely of the nature of primary survey, • 
^vhich has been earried out for the purpose of studying the relationships and distribution 
of tile various plant communities, and also to lay a foundation for future intensive studies. 

After a, brief notice on the general features of the Australian flora the authors proceed 
to discuss the origin of the flora of New South Wales and in particular of Mount Wilson. 
It is composed chiefly of three elements, an endemic flora consisting largely oi Eucalyptus 
forests and occupying the greater part of the state; a Malayan flora finding its chief ex- 
pression ill Bain Forest; an Antarctic flora which occurs as scattered individuals in certain 
regions. A study of the fossil evidence tends to show that the Malayan flora emanated 
from tiit^ north in the early Tertiary and spread through the greater part of the continent, 
later being invaded by the endemic flora which originated elsewhere on the continent* 
Sul)se<|uent changes in the physiography of the country resulted in the Malayan flora 
ree(.‘ding to sheltered habitats controlled by markedly favourable edaphic factors, whilst 
the endemic flora became adapted to a xerophytic habitat. On Mount Wilson, which is 
one of a sei’ies of residual Tertiary basalt outflows and consists of a sandstone ridge with 
fre(|uent caps of igneous rock, the Malayan flora occupies the sheltered slopes of the basalt 
caps and the sandstone gullies, the endemic flora being found on the sandstone plateau. 
Tlie present paper deals with the vegetation occupying the basalt caps. 

Four chief types of vegetation are distinguished: the Geratopetalum-Doryfyliora Forest; 
tlie Eucalypliis-Dorypliora Forest; the Eucalyptus- Alsophila Forest; the Eucalyptus-Pteri- 
dliim Forest. These foui’, however, are actually variations of two main groups, the Eu~ 
mhjplm Forest on the sandstone and the Ceratopetalum-Doryphora Forest on the basalt. 

Each of these four types, or “associations” as they are termed, is then discussed in 
detail Their habitat, and structure and physiognomy are desciibed and their floristic com- 
position enumerated under their respective strata. In the Cemtopetalum-Doryphora asQOci- 
ation an interesting note is recorded on Quintinia sieberi. Young plants of this epiphyte 
; become established among the leaf bases and tangled adventitious roots on the trunks of 

S tree-ferns. Subsequently the roots of the Qtdntmia reach the ground where they become 

established. This is the only case of hemi-epiphytism encountered in the Bain-Forests at 
t „ l^lount Wilson. 

Tlie discussion of the effect of fire on the different types of forest provides some interesting . 
! information. Bound every junction of these types the vegetation bears “all the indications 

‘ of having been recently burnt. The fire has crept up to the edge of the basalt, has in places 

passed tlirough the Eucalyptus-AlsopMla association, but has never transgressed the humid 
Bain-Forest.” The bush fire is stated seldom to destroy the climax associations, but pro- 
found alterations usually occur in the lower layers, often resulting in a pure community of 
Pierldium aqtiilinuiti. 

Interesting methods of showing the distribution are employed in the text-figures. In 
the examples of chart and belt transects the idea is to convey a “bird’s-eye view” impres- 
sion. The various components of the vegetation are indicated by symbols but the canopy 
of the larger components is also outlined, the lower layers showing through or displaying 
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graphically their denser groiipiiig where not overshadowed by a canopy. In the diagram 
the approximate ranges and frequency of the basalt flora are depicted in rectangular form, 
the various types of vegetation being set out along a base line. The range of the dominant 
through the various types is indicated by a band which is broadest when the dominant 
occurs most frequently and tapers away in each direction as the dominant loses its position. 

T.F.C. 


Petrie;, A. H* K. ‘'An Ecological Study of the Flora of Mount Wilson. 
Part II. The Eucalyptus Forests.’’ Proc. Lifm. Soc. of NeM> 8oidIr Wales, 
50 , pp. 145”166, Plates XX-XXII, and four figures in the text. 1925. 

This second part contains an account of some of the salient features of the EurAthjpius 
forests wdiich constitute the vegetation of the sandstone platt'au, and supplements the 
observations recorded in Part I on the Eumlypius communitii*s of llu‘ basalt. The main 
communities in the area under observation are outlined, ol)servations on tluir tlisiribution 
and inter-relationships are recorded and some of the more important ])roblems iutlieuled 
concerning then’ adaptations, development and other studies uw'aiHng investigation. 

In discussing the general physiognomy of the Eumhjpim forest it is poiiUtHl out that 
in most cases the association dominants arc species of Eucalypfits of which tlua-e are some 
three hundred species in Australia. Despite this the physiognomy is eharatUerist icaily 
uniform as the species of Eucalyptus ail present a xerophytic appt‘araiua» and ])osst*ss the 
same growtli form. The open nature of their foliage and the comparative isolatioii of lie* 
trees peimiits a considerable development of the lower layers of tin* associations. 

An interesting comparison is drawn between the Eucalyptus forest and thv fhun forest 
previously described; the former is typically xerophilous; the latter, eomposeti of luxuriaiit 
vegetation, is typically mesophilous. The interdependence charaettaistic of tlie Pain fon^st 
is distinctly lacking in the Eucalyptus forest, where epiphyies are sea,rc(.* and lunbrophytes 
absent. The Eain forest at Mount Wilson, on account of the severity the tlimale, is, com- 
paratively, of a poor floristic composition. 

It is interesting to find that for the dassifleation of the eommunitics the author has 
adopted Clements’ system with Tansley’s conception of climax eomimiuitk‘s, though it is 
natural that there are instances where he finds it necessary to eonsicier naidifieatioiiH to stdi 
local requirements. For instance, he states that the structure of the Eiiealypius f«n‘st is 
likely to be responsible for many problems connected with the delinitlon of Htatiis, It Is no 
uncommon occurrence for one society of shrubs to occur in two differmit iissoeiatioiis, and 
the typical substratum of a Eucalyptus association may oeanu* where the de^-dopment of 
trees is inhibited. The result of this is that the shrub-community diunges from rank of 
a stratum society to that of a definite association. 

Two associations, whose dominants always occur in eonsoeiations, are tiistinguished as 
making up the forest under discussion, together with the Euctdyjdus-Eoryphimi ei'oitme. 
Their distribution, structure, physiognomy and stratum soeieties are described. In the 
comments on the relation of forest fires to these communitieH it is |Kunfi*ti out that the 
essential oils of an inflammable nature contamed in the leaves do not of tfuuiistlvrs make 
burning possible as the fires travel mainly through tlxo substratum whi‘re the jx*rt,!entag«’ of 
oil-containing types is not high. It is rather the low moistun'-conti‘nt oi the leaves that 
favours the fires. 

An interesting discussion is also given on the relation of the iMmcetiee of fruits to the 
periodic fires and the effect on the population in the early stages of the rt^Hu!ting subsca-es. 

The latter part of the paper discusses in detail the slirub (stratum) soeieties of an exposed 
westerly headland and of the Junction Flora. 

The system on which the author is working, as well as the sditune of work determined 
is of much interest. It should prove of assistance in indicating to workers on simiiar problems 
extending over large areas the means of approach and the devdopment of the first general 
stages in studies of vegetation. 

T. b\ C* 
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: : ■ OYPERUB ROTUmUB L. m Tisi^- ’ ^ ■ ' 

Eanade/S. B. and Burns, W. '“Tlie Eradication of rotmdus L. (a 

stady in pure and applied botany).’’ MemoiTS of the Department of Agri- 
culture in India, Botanical Series; 13, 93 pp. and 8 plates. 

The memoir contains a full description of this troublesome weed and of several series of 
^periments conducted with a view to establishing some standard method for its eradication. 
The plant has ^several interesting features. Its rate of seed production is fairly high but 
germination is erratic. It survives chiefly by the production of underground tuber-forming 
rhizomes, some of which are positively geotropic and may reach a depth of 2-5 feet. 

Extensive experiments were undertaken to determine the viability of the tubers under 
varying external conditions. The authors consider that the features in the life cycle which 
lend themselves to attack are the inability of the plant to flourish in a close community, 
e.g. in a thick growth of Saun hemp, and the fact that the tubers usually fail to survive 
after a fortnight at 40° C. — the temperature of the upper soil during the hot season. 

The description of the work is very full and the experimental data are given in great— 
perhaps too greatr— detail. The outlook of the writers on the plant’s life is extremely 
anthiopomorphic, thus a deep-seated tuber is described as concentrating all its powers in 
making one supreme attempt to get to the surface and not wasting material on several 
ascending organs.” 

Economically the work achieves its object, scientifically it opens up a host of semi- 
physiological problems which bid fair to be of great interest— e.g. the reaction of the 
external conditions on the plant’s physiological processes, causing some rhizomes to be 
positively geotropic; or again the reason why one bud develops from a deep-seated tuber 
and several from one which is more superficially situated. It is to be hoped that the authors 
may find opportunity for the further autecological investigation of the species. 

S.M. W. 

ARID SOUTH AFRICA. 

Cannon, W. A. “ General and Physiological Eeatures of the more arid portions 
of Southern Africa, with Notes on the Climatic Environment.” Carnegie 
InsiitMtion, Washington. Publ. No. 364, 1924, pp. 1-159. 31 plates and 
13 figs: in the text. 

This volume is a companion to the author’s work on arid South Australia which was 
reviewed in this Journal two years ago (12, p. 338, 1924). The arrangement and treatment 
of the subject matter are very much the same in the two volumes and several of the general 
remarks that were made in the former review might be applied equally to the present work. 

The area in South Africa which has a more or less markedly arid climate and vegetation 
is large and the present account makes no attempt to give a complete picture of the region. 

It is a record of the author’s observations made at a series of selected places during his 
visit to South Africa. This method of treatment of a large area by the description of 
selected samples has certain inherent drawbacks which are apparent in reading this volume. 
There is a considerable degree of discontinuity and the relationships of communities to the 
environment and to one another are lost sight of. In any case, however. Dr Cannon centres 
attention on representative plants and the adjustment of these to environmental conditions 
rather than on, indeed almost to the exclusion of, plant communities. 

In the first part of the book a general account of the climatic and other features of 
South Africa are given; such features as temperature, rainfall, wind, and humidity of the 
air are considered. Under rainfall, special attention is paid to the seasonal distribution and 
to the occurrence and duration of drought periods. An attempt is made also to determine 
the amoxint of the total precipitation which is “effective” and “non-effective.” Evapora- 
tion was also studied; and for this purpose Dr Cannon introduced a number of porous cup 
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of the I- type. This was the first time such instruments had been 

u?d M the country^, .^atmometers were established at a number of representative 
stations but in most v- '- ' •s they were not running for a sufficient length of time o a xo« 
of ly generalisations to be made from the figures published Also the results such as thei 
are OTe to some extent vitiated by the great vanabihty of the instruments when thei win 
restendardised after use. The account of the climatic faotors_is followed by a vorx gcncia 
description of the main types of vegetation and of the botanical regions but in this poitioi 

nothing new is added to the accounts previously pubUshed. 

The description of the author’s own observations follows th.s_ genera introduction, 
observations which were made at selected stations m the .Nannb in Ninth W os .Africa 
and at three stations in the Central and Western Karroo Beiufort W est. 1 nnu .\lb< rf 
Boad, and Majesfontein. General descriptions of the vegetation and topourapiu .if o.ioh 
station are given, but unfortunately these are so short- that it is exceedingly di iu-nlt. it not 
Lpossible, for a reader, who is unacquainted irith the ground, to niako any clear pudure 

At the Karroo stations quadrat enumerations of the perennial pl.ints \uti m.idt n lu< h 
give a good indication of the degree of local variation in the tiora o these regums. I bus 
It Majesfontein four quadrats, each 10 meters squaje, had respiudivc Iv: 4. iiuhvidua^ 
sclerophylls; 345 individuals, all sclerophylls; 3.10 (1 lO succulents): .ind .1. < (-l.> MUtuk nts). 

' Some notes are given on the root habits: the succulents a.s a n.le have a mi.igrc root 
system which is mainly superficial although exceptions were noted m A.phorh,,, 
and Pdargmmm crithmifolum, where the main root descended to <lcep .levels and did not 
form superficial roots. This phenomenon occurs in many other spceies of h.phurhu, Hie 
sclerophylls have generally a much larger development of roots. Some case.- of root Itudding 

^'*Th!^ext section deals with the structure of the foliar organs of a considerable number 
of the plants. The leaf structure showed very great variety, ami the influence of the environ- 
ment seems to have been in the direction of the development of .xerophyfic teature.s on 
various plans of structure. A summary of some of the features of the families is given their 
distribution considered and suggestions as to the lines along which tfie struetura! modmea- 

tions' have occurred are put forward. 

The final portion deals with the foliar transpiring power of the plants in n inter ami 
sprine The observations were made for the most part in the Karroo and the ex{>erii!ients 
wore made by the Stahl-Livingston cobalt chloride mcthml. a methiKl that lias great ad- 
vantages for such field studies. A variety of plants was investigated, sueeiilems. selero- 
phylk” and some geophytes. While the results are rather fra.gmontar.v and were all made 
in 'winter, they do show certain features of intere-st. The index was found to fail during 
the day; in the sclerophylls the maximum occurred in the early morning; in fhe sueeiilei.fs 
it is at night. The maximum itself is in many cases exeewlingly low. It is interesting to 
note, in passing, that a few tests, made on WehnlmhUt, gave a- .surprisingly fiigh imiex, 
which suggests that, in spite of the habitat, this peculiar plant may not lie ipiite so extreme 
a xcrophyte as it is .sometimes thought to be. 

The volume as a whole leaves the reader with a feeling of lack of satisfaction, aimo.sl 
of disappointment. This is due mainly to the great tliscontinuity in Ihe treatment of fhe 
siibjMt matter. The book is really a series of field notes and not one whole; many .subjeet.s 
are touched upon but of none of them is there anything like a full lu-eoiint, and the 
passage from one to the other is abrupt. The resulting impre-ssion on tlie reader is of n 
sorics'^of isolated fragmeffts. But, in spite of those drawbacks, which art* to some extent 
inseparable from the methods of study and treatment, Dr Camioirs book slamid be of 
value in drawing the attention of botanists, and especially of .South African liotanists. to 
an extremely interesting vegetation which presents a very great number of prot.lenis for 
investigation. His results, all of which are necessarily of a preliminary kiml. siiouhi net as 
a stimulus to others to undertake detailed work in these regions. The book is illustrated 
by a number of excellent photographs. B. S. A. 
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